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Effects of Time of Weaning on Cow and
Calf Performance
Chuck Story
Rick Rasby
Todd Milton
Mark Dragastin1
Early weaning results in cows
with greater condition at calving.
Early weaned calves were fed more
days in the feedlot, resulting in
heavier carcass weights.
Summary
Research investigating the effects of
weaning calves at three different ages
was conducted over four years at the
Dalbey-Halleck Farm. Each year 180
spring calving cows had their calves
weaned at 150 days of age, (n=60); 210
days of age, (n=60); or 270 days of age,
(n=60). Weaning at 150 days resulted
in greater cow weight and body condition. Pregnancy rate was similar among
groups. Early weaned calves were fed a
in heavier carcasses and a greater percentage grading at least Choice. Early
weaning can be used to improve cow
condition at calving.
Introduction
Weaning management is a tool cow/
calf producers use to accomplish numerous tasks. Weaning management can alter
a herd’s nutrient needs and potentially
reduce the amount of supplemental feedstuffs required. Furthermore, weaning
management can be used to ensure
females are in adequate body condition
before calving, potentially improving
the herd’s reproductive performance.
Although researchers have previously

evaluated cow and calf performance
when calves were weaned at less than
150 days of age, few researchers have
investigated the effects of weaning 150
to 270 day old calves on subsequent cow
and calf performance. The objective of
this study was to evaluate such effects.

weaning at the feedlot. At that time,
steers were implanted with an estrogencontaining implant. Steers were fed a 50
percent concentrate receiving ration (DM
basis) for approximately 28 days and
progressively stepped up through four
rations every seven days to a 90 percent

Procedures

which was fed until slaughter. Steers
were fed to an end point of .4 inch of
backfat which was estimated by feedlot
personnel. All steers were slaughtered
at the IBP, Inc.’s beef processing plant
at West Point, Nebraska where carcass
data were collected.

In this four-year experiment, 180
spring calving MARC II cows were
used. The trial was conducted over
four years at the Dalbey Halleck Farm
in southeast Nebraska. In year 1, cows
were randomly allocated to one of three
groups (n=60) based on age, weight, body
condition score and date of calving. All
cows remained within their respective
group through the experiment. Cows
were culled for reproductive failure only.
Replacement females were selected from
and for their origin group.
Each year, groups were subjected
to one of the following treatments in a
manner mimicking a latin square with
two additional years: early weaning
(EW, calves 150 days of age, August 20),
normal weaning (NW, calves 210 days
of age, October 20) and late weaning
(LW, calves 270 days of age, December
20). Individual cow weights and body
condition scores were recorded on each
date of weaning and prior to calving
(February 1). Post-weaning, cow groups
were managed and grazed in separate
pastures until February 1. All groups
were managed to reach a minimum body
condition score of 5 (1 = emaciated, 9 =
obese) before calving.
Upon weaning, steers were transported to the University of Nebraska
feedlot located at the ARDC, Mead,
Nebraska. All steers were weighed on
each weaning date and 28 days post-

Results
Cow weights, body condition scores, and
reproductive performance
Weights and condition scores were
not different among weaning groups at
the August weaning date and were 1,188
+ 10 lbs, 5.5 + .1 for EW cows; 1,183 +
10 lbs, 5.4 + .1 for NW cows; and 1,186
+ 10 lbs, 5.4 + .1 for LW cows. At the
time of NW in October, cow weight and
condition score for the EW group were
greater (P < .05) than both the NW and LW
groups, although weight and condition
score between the NW and LW groups
were not different. December weights
and body condition scores for the EW,
NW and LW groups were all different (P
< .01) and were: 1,283 + 5 lbs, 5.8 + .1;
1,232 + 5 lbs, 5.5 + .1; 1,191 + 5 lbs, 5.2
+ .1; respectively. Body condition scores
in February (approximately one month
prior to calving) were different (P < .001)
among the EW, NW and LW groups, and
averaged 5.6 + .1, 5.4 + .1 and 5.2 + .1,
respectively. Reproductive performance
as measured by pregnancy rate was not
(Continued on next page)
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Table 1. Pregnancy rates for cows whose calves
were weaned at 150, 210 or 270 days
of age.

Table 2. Steer feedlot performance of calves weaned at 150, 210 or 270 days of age.
Treatment

Treatment
EW

NW

LW

No.

240

240

240

Pregnancy
rates

92%

95%

94%

No.
DOFa
DMI, lb
ADG, lb
Gain/Feed
aDOF

EW

NW

LW

114
243b
18.2b
3.08
.162

106
198c
19.8c
3.30
.155

104
158d
21.5d
3.30
.161

SE
5
.4
.22
.006

= days on feed.
in a row with different superscripts are different (P < .01).

bcdMeans

different between the EW, NW and LW
groups and averaged 92 + .01 percent,
95 + .01 percent, and 94 + .01 percent,
respectively (Table 1.).

Table 3. Steer carcass performance of calves weaned at 150, 210 or 270 days of age.
Treatment

Steer weight and gain performance
At the August weaning date, there
was no difference in weight among the
EW, NW and LW steer groups, which
averaged 430 + 4, 440 + 4 and 434 +
4, respectively. On the date of normal
weaning (October 20), EW steers were
heavier than either the NW or LW steers.
From August to October, EW steers
were in the feedlot and NW and LW
steers were suckling their dams, which
likely resulted in the weight difference.
Weights for NW or LW steers on the
date of normal weaning were similar.
On the last date of weaning (December
20), weights between all groups were
different (P < .001) and averaged 812
+ 8 lbs for the EW steers, 728 + 8 lbs
for the NW steers and 590 + 8 lbs for
the LW steers. Steer ADG between the
August and October weaning date was
greater (P < .001) for the EW (2.93 +
.08 lb/day) steers compared to the NW
(1.68 + .08 lb/day) and LW (1.69 + .08
lb/day) steers. Between the October and
December weaning dates there was no
difference in ADG between the EW
and NW groups and averaged about 3.4
lb/day. However, ADG for both the EW
and NW groups was greater (P < .001)
during the period between October and
December compared to the LW group
(.99 + .09 lb/day). The overall ADG for
the treatment groups between the August
and December weaning dates were dif-
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No.
HCWa, lbs
FDb, inches
% > Choice
YGc

EW

NW

LW

112
715d
.47
94d
2.7d

106
719d
.45
84de
2.6de

104
693e
.42
78e
2.4e

SE
7
.02
4
.1

aHCW

= Hot carcass weight.
= Fat depth measured between the 12th and 13th ribs.
cYG = Yield grade
deMeans in a row with different superscripts are different (P < .01).
bFD

ferent and averaged 3.22 + .05 lb/day for
the EW steers, 2.43 + .05 lb/day for the
NW steers and 1.35 + .05 lb/day for the
LW steers. The differences in group ADG
between the weaning dates are a function
of nutrient intake. Steers in the feedlot
consumed a ration greater in energy than
those steers still on their dams. Because
of the nutrient intake differences, steers in
the feedlot gained more weight between
August and December than those steers
remaining with their dams.
Steer feedlot performance
Days on feed and feedlot DM intake
among the EW, NW and LW groups were
different (P < .01) and averaged 243 +
5 days, 18.2 + .4 lbs/day; 198 + 5 days,
19.8 + .4 lbs/day; and 158 + 5 days,
21.5 + .4 lbs/day, respectively (Table
2.). ADG and gain to feed means were
not different among the treatment groups
(Table 2.). Hot carcass weight (HCW)
for the LW (693 + 7 lbs) group was less

(P < .05) than means for EW (715 + 7
lbs) and the NW (719 + 7 lbs) groups.
Fat depth (FD) at the 12th rib was not
NW and LW groups. Percentage of steers
grading USDA Choice or higher and
Yield Grade for the LW group (78 + 4
percent, 2.4 + .1) were less (P < .05) than
for the EW group (94 + 4 percent, 2.7 +
.1; Table 3.). However, the NW calves
were intermediate and not different from
the EW or LW groups. The difference in
carcass characteristics among weaning
groups is likely a result of the number
effect cow weight and body condition,
and steer DOF and DM intake.
1Chuck Story, graduate student; Rick Rasby,
associate professor; Todd Milton, assistant professor, Animal Science, Lincoln; Mark Dragastin,
farm manager, Virginia, Nebraska.

Summer Grazing Date and Fall Grazing Intensity
Effects on Protein Content and Digestibility of
Fall Diets in the Nebraska Sandhills
Trey Patterson
Terry Klopfenstein
Don Adams
Walter Schacht
Patrick Reece
Jacki Musgrave
Amy Johnson1
Increased fall stocking intensity
decreases the crude protein and digestibility of fall diets regardless of
summer grazing date. June grazing
increases the crude protein content
of fall diets.
Summary
Four blocks of Sandhills rangeland
(three pastures/block) were used to test
summer grazing date and fall grazing
intensity effects on protein content and
digestibility of fall diets. Summer treatments applied to each block were 1) no
summer grazing, 2) June grazing and 3)
July grazing. Each block was grazed in
sequence at six different stocking rates
the following fall by six esophageally
ibility of fall diets declined linearly and
crude protein declined quadratically as
fall stocking intensity progressively increased. June grazing increased the CP
content of fall diets compared to July or
no summer grazing, but no summer by fall
grazing interactions were detected.
Introduction
Increasingly, many producers in the
Nebraska Sandhills are using fall-winter
grazing, because systems extending the
grazing season and minimizing use of
harvested and purchased feedstuffs have
grazing systems often require utilization

of pastures grazed to some degree the
previous summer. The effects of time and
degree of summer grazing on fall-winter
diet quality have been investigated (1998
Nebraska Beef Report, pp 20-21), yet
summer by fall-winter stocking intensity
interaction effects on diet quality have
not been determined for the Nebraska
Sandhills. Understanding how grazing
systems imposed during summer affect
nutrient content of forages grazed during
the fall-winter could improve cattle and
forage management.
digestibility of fall-winter diets across
different levels of management is needed
to develop supplementation protocols.
The ability to predict the quality of
fall-winter range under different management systems allows producers to
more precisely determine the type and
amount of supplement to offer cattle,
with over-feeding or under-feeding fallwinter supplements.
The objectives of this study were to
determine the interactions of summer
grazing and fall-winter stocking rates
on protein content and digestibility of
diets of cattle grazing dormant fallwinter rangeland in the Sandhills of
Nebraska.
Procedure
Four blocks of rangeland at Gudmundsen Sandhills Laboratory (GSL)
were each separated into three .74 acre
paddocks by electric fence during the
summer of 1997. The blocks were located
on a sands range site in good to excellent condition and dominated by little
bluestem (Schizachyrium scoparium),
prairie sandreed (Calamovilfa longifolia), sand bluestem (Andropogon hallii)
and switchgrass (Panicum virgatum).
Each of the three pastures in each block

were randomly assigned to receive one
of three summer grazing treatments.
Summer grazing treatments were 1) no
summer grazing, 2) grazing in mid-June
by yearling cattle at .2 AUM/acre and 3)
grazing in mid-July by yearling cattle
at .2 AUM/acre. Beginning October 9,
and weight and randomly assigned to
grazed sequentially throughout the fall
for seven days each, with the fourth
period ending November 22, 1997.
Six winter stocking rates were cumulatively applied to each pasture during
the seven day grazing period by a nested
design. On days one through four of
grazing in each block, the three .74 acre
pastures were stocked at .6 AUM/acre,
which yields the recommended stocking
rate when combined with the summer
stocking rate (.2 AUM/acre). On day
acre) by electric fence and grazed for two
days resulting in a cumulative stocking
rate of 1.2 AUM/acre. On day seven,
quarter (.18 acre) was grazed for one day
resulting in a cumulative stocking rate of
1.8 AUM/acre. Diet samples were collected by each of the two esophageally
when the cumulative stocking rate was
0 AUM/ acre (day 1), .3 AUM/acre (day
3), .6 AUM/acre (day 5), .9 AUM/acre
(day 6) 1.2 AUM/acre (day 7) and 1.8
AUM/acre (day 8). Samples were freezedried, ground and analyzed for CP and
in vitro organic matter disappearance
(IVOMD). The values for diets from the
two cows in each pasture were averaged
within sampling day and analyzed using
the GLM procedure in SAS.
(Continued on next page)
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70

Results

65

Although diets collected during the
fall and winter on Sandhills upland range
are generally similar in protein content
and digestibility, diets in this study were
only collected in the fall. Digestibility
(IVOMD) of fall diets decreased linearly
as fall stocking rates were increased
(Figure 1; P = .0001). Crude protein
content of diets decreased quadratically
as stocking rates progressively increased
(Figure 2; P = .004). The CP content of the
diets declined from an initial 8.6 percent
CP (OM basis) at 0 AUM/acre to under
6.9 percent CP at .9 AUM/acre and the
rate of decline appeared to be reduced
after this point. When grazing pastures
at different stocking intensities during
the winters of 1996 and 1997, Downs
(1997 M.S. Thesis) found a similar linear
decline in winter diet digestibility as
grazing intensity increased during both
winters and a similar quadratic decline in
winter diet CP values in 1996. However,
winter diet CP values collected in 1997
were not greatly reduced by increased
winter stocking rate. Variation between
years may cause differences in both
plant and animal response to fall/winter
stocking intensity.
Crude protein content and digestibility of fall diets collected across the three
summer treatments are shown in Table
1. The CP values of diets from pastures
grazed in June were higher than those
collected from pastures grazed in July
(P = .02) or from deferred pastures (P
= .08). Summer grazing treatments did
not affect digestibility of fall diets. This
effect is different from results of previous
work at GSL where no effects of summer
treatments were found on CP values, and
Table 1. Crude protein and in vitro organic
matter disappearance (IVOMD) of
fall diets collected on Sandhills upland
range grazed at .2 AUM/acre in the
previous June or July, or not grazed
(OM basis).
Summer grazing
Item

June

July

Deferred

CPa

7.5
50.6

7.1
51.8

7.2
51.5

IVOMD

aJune versus Deferred (P = .08); June versus July
(P = .02).
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60
55
50
45
40
35

Linear response: P = .0001

30
25
20
15
10
5
0
0
1.8

0.3

0.6

0.9

1.2

1.5

Figure 1. In Vitro organic matter disappearance (IVOMD) of fall Sandhills range across various
stocking rates.

10
9
8
7
6
5
Quadratic response: P = .004

4
3
2
1
0
0
1.8

0.3

0.6

0.9

1.2

1.5

Figure 2. Crude protein content in the fall of Sandhills range across various stocking rates
(OM basis).

deferred pastures had slightly higher
digestible diets than June or July grazed
pastures (1998 Nebraska Beef Report, pp
20-21). It appears plants may respond
differently to summer grazing, in terms
of crude protein and digestibility, across
multiple years. No fall stocking rate by
summer grazing treatment interactions
were detected in this study.
In summary, digestibility of fall diets
followed a linear decline as fall stocking rates were progressively increased
and diet CP declined quadratically with
increased fall stocking intensity. June
grazing increased the CP content of fall

diets, but no summer grazing treatment
by fall stocking rate interactions were
detected.
1Trey Patterson, graduate student; Terry
Klopfenstein, professor, Animal Science, Lincoln; Don Adams, professor, Animal Science,
West Central Research and Extension Center,
North Platte; Walter Schacht, associate professor, Agronomy, Lincoln; Patrick Reece, associate
professor, Agronomy, Panhandle Research and
Extension Center, Scottsbluff; Jacki Musgrave,
research technician, West Central Research and
Extension Center, North Platte; Amy Johnson,
graduate student.

Climate Affects Calf Birth Weights
Gene Deutscher
Dave Colburn
Rex Davis1
When winter temperatures are
colder than normal, larger calf birth
weights can be expected in the
in two-year-old heifers.
Summary
A six-year study was conducted to
investigate effects of winter temperatures
on two-year-old cows (n=285) and their
subsequent calf birth weights and calvof 1992-93 (coldest) was 11o F colder
than the winter of 1994-95 (warmest).
birth weights that were 11 pounds heavier
compared to the warmest winter. Our
results indicated that as average winter
temperatures decreased 1o F, subsequent
calf birth weights increased 1 pound and
age points. When blankets were placed on
cows before calving, hide temperatures
increased slightly, but calf birth weights
were unchanged.
Introduction
heifers is still a major concern of beef
producers, even when heifers are bred
to low birth weight EPD sires and are
managed properly. Consistently, calf
birth weight has been shown to be the

affect calf birth weight and calving difthe reason calf birth weights are heavier
in some years even though genetics of
animals are similar.
Research suggests exposing a pregnant animal to cold temperatures results
allowing the fetus to obtain greater
nutrients and increased growth. This
may explain why calf birth weights are
usually heavier in colder climates than
warmer climates. In the 1996 Nebraska
Beef Report, pp 23-25, research indicated birth weights of calves born in the
spring were heavier and more calving
cold winter.
Three years of additional data were
collected to determine the effects of
winter temperatures on calf birth weights
Because Nebraska’s climatic conditions
vary year-to-year, many years of data are
needed. Also, a study was conducted to
attempt to increase cow body temperature precalving by using blankets (coats)
to reduce calf birth weights.

years of data were collected. During
these years, the yearling heifers were on
estrous synchronization and AI breedtwo-year-old cows.
During this six-year study, MARC II
heifer calves (1/4 Angus x 1/4 Hereford
x 1/4 Simmental x 1/4 Gelbvieh) raised
at the Gudmundsen Sandhills Laboratory
near Whitman were used. Each year the
yearling heifers were bred by AI to the
same Angus sire (ABS Global, Inc.).
This sire is a trait leader for calving
ease with a birth weight EPD of -1.7
and a yearling weight EPD of +39. In
general, the bred heifers were managed
similarly each year: on native pasture
during the fall and fed bromegrass hay
ad libitum (10 percent CP) with alfalfa
hay (17 percent CP) as a supplement (3
to 4 lb/day) during the winter to meet
NRC requirements.
The calving season began in midFebruary and ended April 1. Calving data
included calf birth weight, birth date, calf

Procedure
Climate on calf birth weight
The data for this study were collected
over six years (winters of 1992-93 to
1997-98) on two-year-old cows (n=285
total) at the West Central Research and
Extension Center (WCREC) at North
years of the study, cows were involved
in an intensive breeding and calving
study to investigate the various causes

from 1 to 5, with 1 = no assistance, 3 =
mechanical pull and 5 = caesarean.
Weather data were collected for three
months (December, January and February) each winter at a nearby weather station. Data evaluated were high and low
air temperatures and wind chills.
Data were analyzed by least squares
analyses. Calf birth weights were analyzed by year with calf sex removed.
tested using a Chi-square analysis.

genetic heritability of birth weight is
about 45 percent, with the remaining 55
percent due to environmental conditions.

and results were reported in the 1997 Nebraska Beef Report, pp 20-23. Climatic
(Continued on next page)
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Cow blankets on calf birth weight
Two trials were conducted (1995-96
and 1996-97) at WCREC to investigate
if applying blankets (coats) on cows
precalving would increase cow body
temperatures and, in turn, decrease calf
enty two-year-old cows (Trial 1, n = 31,
Trial 2, n = 39) which had been utilized
as yearlings in estrous synchronization
and AI studies were used. Cows were
pregnant from one Angus sire. In early
December each year, cows were assigned
to two treatments (blanket or control)
according to weight, body condition,
pelvic size and expected calving date.
Cows were placed in adjacent drylots and
fed a corn silage and alfalfa hay ration.
The same amount of feed per head was
given to each treatment group so feedto-gain ratios could be determined for
The blankets used in Trial 1 were
made of one-half inch-thick tightly woven fabric with a canvas top to protect it
from weather and tearing. The blanket
covered the cow from neck to tail, hanging down on each side about to the hocks
and held in place by three straps (similar
to coats for horses). The blankets were
designed and constructed locally. In
Trial 2, a one-half inch-thick woolen pad
manufactured in New Zealand was added
under the canvas to increase warmth.
The intent of the blankets was to keep
the animal warmer by reducing heat loss
and increasing hide temperature.
The blankets were strapped on in early
December each year and remained on
the cows until just prior to the start of
the calving season in mid-February. The
duration of the trials were: Trial 1 = 63
days and Trial 2 = 76 days. Surprisingly,
the cows adjusted to the blankets quite
readily after some initial bucking and
jumping. The blankets remained in place,
with only minor adjustments, and were
not rubbed off on fences or feed bunks.
Straps were loosened as animals gained
weight and became closer to calving.
Cows were weighed every two weeks
and blankets were adjusted as needed.
Rectal and hide temperatures were obtained with a digital thermometer on half
of the cows in each treatment group. Hide
temperatures were obtained by placing
1999 Nebraska Beef Report — Page 8

thermometer under the hair next to the
skin in hip fossa area (in front of hook
bone). This area was easy to access and
covered by the blanket on cows.
Because cows had been synchronized
and AI bred, they calved in a short time
period. At calving, cows were watched
closely and assisted as needed. Calving
data obtained were calf birth date, birth
weight and calf sex, plus a calving difData were analyzed by least squares
analyses. Calf birth weights were analyzed by year with calf sex and gestation
tested using a Chi-square analysis.
Results
Climate on calf birth weight
Table 1 shows the average winter
temperatures and wind chills (December, January and February) for each
year ranked from coldest to warmest.
Temperatures were coldest during the
winter of 1992-93 and warmest during
the winter of 1994-95 with an 11o F difference. The wind chills were also 11o
F different. Temperatures for the other
years were above normal and moderate.
The normal average winter temperature
for North Platte is 25oF.
Spring calf birth weights following
each winter are also shown in Table
birth weights were found among years.
In general, calf birth weights decreased

Average
temperaturesa

as winter temperatures increased. After
the coldest winter (1992-93), calf birth
weights averaged 77.6 pounds; after the
warmest winter (1994-95) 66.4 pounds.
This difference of 11 pounds matched the
11o F difference in temperatures between
the two winters. These data indicate a
negative linear relationship between winter temperatures and calf birth weights.
In general, as winter temperatures increased 1o F, calf birth weight decreased
1 pound. The exception to this relationship was the winter of 1995-96 which
had above normal average temperatures
and numerically (not statistically) heavy
calf birth weights. One possible reason
for this exception: colder than normal
temperatures in January.
Percentage of calving difficulty
followed the same trend as calf birth
greater (P < .05) in the spring of 1993
than in the spring of 1995 (58 percent
versus 29 percent). This difference of 29
percent occurred when calf birth weights
decreased 11 pounds and winter temperatures increased 11oF. It appears calving
pound increase in calf birth weight and
per 1oF decrease in winter temperatures.
Therefore, when winter temperatures are
colder than normal, heavier calf birth
weights in the spring and more calving
Many other factors affect calf birth
cow age, cow weight, cow body condition, nutrition, cow pelvic size, genetics,

Average
wind chillb

1992-93 (coldest)
1993-94
1995-96
1996-97
1997-98
1994-95 (warmest)

20
26
27
27
30
31

12
18
19
20
22
23

Difference coldest to warmest

11

11

aWinters ranked from

Number of Calf BWTc,
36
39
44
76
59
31

Calving
d

77.6e
72.5f
75.2ef
72.4f
67.4g
66.4g

58e
33fg
45eg
30fg
25f
29fg

11

29

%

coldest to warmest. High and low temperatures for December, January and February were averaged.
bAverage wind speed x average temperature for 3 months.
cBirth weight adjusted for calf sex.
d

efgMeans

within category differ (P < .05).

Table 2. Precalving cow weights and body condition scores.
Wintera
1992-93 (coldest)
1993-94
1995-96
1996-97
1997-98
1994-95 (warmest)

Number
of cows

Precalving
cow weight (lb)

Cow
condition scoreb

36
39
44
76
59
31

973
961
976
980
994
934

5.2
5.0
5.4
5.5
5.3
5.0

a Winter temperatures included December, January and February. Calving seasons were from mid-February to April 1.
b Scoring system was 1 to 9 with 5 = moderate.

Trial 1
Trait

Blanket

Trial 2
Control

Blanket

Control

No. of cows
Beginning wt.a, lb
Gain during triala, lb
Feed/gain ratiob

16
946
87
12.3

15
946
91
11.8

20
960
118
11.2

19
955
121
10.8

Cow rectal temp.c, Fo
Cow hide temp.c, Fo

101.5
94.0f

101.5
92.6g

102.4
95.5f

102.0
91.2g

75.4
10

75.9
6

74.4
6

74.3
4

Calf birth wt. d, lb

e,

no.

aTrials began in early December and lasted until mid-February; Trial 1 = 63 days, Trial 2 = 76 days.
Calving began in late February and lasted three weeks.
bRatio is pounds of feed DM consumed per pound of gain.
c Rectal and hide temperatures were taken every two weeks. Hide temperatures were taken in hip fossa
area which was under blanket in that group.
dBirth weight adjusted for calf sex and gestation length.
e

fgMeans

within trial differ (P < .05).

gestation length and calf sex. During
the six years of this study, we tried to
standardize and monitor these factors to
remove their affects. The cows were all
two-year-olds of similar genetics with the
same AI sire used each year. Precalving
cow weights and body condition scores
for each year were similar (Table 2).
Cows were fed ad libitum grass hay each
year during the winter, except in November, 1997 when cows were pastured on
corn stalks. Cows probably consumed
more hay during the cold winters which
may have increased nutrients to the fetus.
However, other research indicates calf
birth weights would change only slightly
(1 to 3 pounds) due to these nutrition
levels. Average cow pelvic size and calf
gestation length were similar each year.
Calf sex was removed in the statistical
analyses. Therefore, genetics, nutrition
and management of cows and calves
were similar each year.

This data set over six years provides
evidence that severe cold winter temperatures can increase calf birth weights
cold temperatures is thought to be the
primary factor increasing fetal growth.
This research should help explain why
beef producers have heavier birth weight
years even though their genetics and
management are similar.
Cow blankets on calf birth weights
Because the two trials were conducted using different thickness of blankets and for different lengths of time,
the results for each trial are reported
separately in Table 3. No treatment
differences were found in cow gain or

better feed conversion than cows with
no blankets.
Cow rectal temperatures were very
similar for both treatment groups in each
trial. Therefore, blankets did not change
internal core temperatures. However,
hide temperatures were higher (P < .05)
for the cows with blankets than for the
controls. In Trial 1 the difference was
1.4o F; in Trial 2 it was 4.3o F. The hide
was warmer in Trial 2, probably due to
the thicker blankets. When taking temperatures on cold winter mornings, the
warm to the touch. However, the skin
temperatures under the hair on cows
with no blankets were warmer than
expected.
Although blankets were able to increase hide temperatures a small amount,
calf birth weights were not affected. Calf
birth weights were very similar for the
cows with blankets and for those without
treatments. Although numerically more
cows with blankets needed assistance at
calving, the total number of cows in each
group was small.
These results indicate that while the
blankets did increase hide temperatures,
it apparently was not enough to affect
birth weights. The winter temperatures
during both of these trials were above
normal (average 27oF) which may have
Other methods of warming the body
or changing the animals’ environment
should be investigated.
Since climatic conditions cannot be
controlled, beef producers could consider
alternative management strategies such
as: change calving season of heifers to
late spring, summer or fall; move heifers
to warmer climates or facilities during
the winter or at least provide wind protection or shelter during severe winter
temperatures if heifers are calved early
in spring.
1Gene Deutscher, professor; Dave Colburn,
former research technician; Rex Davis, beef unit
manager; Animal Science; West Central Research
and Extension Center, North Platte.

with blankets did not gain more or have
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Trace Mineral Supplementation and Ovarian
and Luteal Function in Pubertal Heifers
Chuck Story
Rick Rasby
Dennis Brink
Jim Kinder
Tony Moravek1
Cu, Co, Mn and Zn supplemented
at high levels do not affect blood
progesterone or estradiol concentrations or luteal phase characteristics,
but supplemented heifers have fewer
large follicles.
Summary
Crossbred heifers (n=19) were used
to determine the effects of feeding Cu,
Co, Mn and Zn in amounts greater than
recommended by the NRC on ovarian
function. Heifers were fed hay ad libitum
and individually fed a control (n=9) or
trace mineral (n=10) supplement for 109
days. Dry-matter intake, average daily
gain, day luteal phase began, length of
luteal phase, daily mean progesterone
production, follicular phase estradiol
licle size were not affected by mineral
supplementation. However, heifers in
the treatment group had fewer large
follicles during the early portion of the
estrous cycle.
Introduction
Trace minerals are commonly
included in rations for developing replacement heifers. Amount of trace minerals supplemented is often determined
1999 Nebraska Beef Report — Page 10

by either established NRC requirements,
feed tag recommendations or by the producer based on past experience. Recent
research suggests reduced reproductive
performance of two-year-old cows when
trace minerals were fed in amounts
above NRC recommendations (1997
Nebraska Beef Report, pp. 15-17) after
ological characteristic or mechanism was
implicated as the cause of this decrease
in reproductive performance. Therefore,
the objective of this study was to evaluate
effects of feeding greater than recommended amounts of Cu, Co, Mn and Zn
on number and size of ovarian follicles
during the early part of the estrous cycle,
size of the largest ovarian follicle, luteal
phase progesterone (P4) production,
length of the luteal phase and estradiol
production during the follicular phase
of the estrous cycle.
Procedure
Nineteen Angus x MARC II post-pubertal heifers (680 lbs) were randomly
assigned to either a control (CON, n
= 9) or treatment (TRT, n = 10) group
based on weight and age. Beginning
on day zero of the supplementation
period, heifers were fed grass hay free
choice and individually fed 4.0 lbs of
dry-rolled corn and 1.3 lbs of either a
control or treatment supplement. This
feeding program continued through
day 109. The diets were formulated to
provide the mineral concentrations listed
in Table 1 each day, and the nutrients
needed for heifers to gain 1.5 lb/day.
Weekly group hay and daily individual

Table 1. Amounts of Cu, Co, Mn and Zn in
ration per daya based on dry-matter
intake and feed nutrient analysis.
Ration
mg/hd/day
Nutrient Control
Cu
Co
Mn
Zn

45
.92
673
120

NRC
Treatmentb Recommended
269
20
946
551

84
.84
168
252

aRation and NRC recommended mineral concentrations based on 18.4 lbs. of dry-matter intake.
bDaily mineral intake provided from the supplement fed to treatment heifers: 235 mg Cu, 19.4
mg Co, 315 mg Mn, 470 mg Zn.

supplement refusals were monitored to
characterize DM intake.
Liver biopsy samples were taken on
days -1 and 65 of the experiment. Liver
samples were analyzed for Cu, Mn and
Zn concentrations (the day before treatments were imposed).
Heifers were synchronized to begin
an estrous cycle on approximately day
66 of the experiment by using two injections of prostaglandin given 11 days
apart. Beginning on day 66, jugular vein
samples were collected twice daily (a.m.
and p.m.) for the next 21 days and analyzed for concentration of progesterone
(P4). Length of the luteal phase, was
determined during this time (the time
in the estrus cycle when progesterone is
produced due to the presence of a functhe luteal phase was when concentration
of P4 in plasma exceeded .5 ng/ml and
the last day of the luteal phase was when
concentration of P4 in plasma fell below

Table 2. Liver biopsy tissue analysis a.
Group

Control
Day
-1b

65

SE

-1b

65

SE

236
7.8
150c

146
7.5
94d

124

432
7.2
129c

193
7.0
94d

113

Nutrient
Cu, mg/kg
Mn, mg/kg
Zn, mg/kg

Treatment
Day

.4
7

.3
7

aConcentrations

reported on a dry-weight basis.
-1 indicates the liver tissue samples were taken before any treatments were imposed.
cdMeans within a row with different superscripts are different (P < .01).
bDay

Table 3. Reproductive characteristics of heifers by treatment group.

Day luteal phase began
Length of luteal phase, days
Mean daily luteal phase
P4 concentration, ng/ml
Size of largest follicle, mm
Number of large

folliclesa

Mean sample estradiol
concentration, pg/ml
abMeans

Control

SE

Treatment

SE

5

.5

5.5

.5

15.27

.63

14.05

.59

3.36

.28

2.91

.26

13.4
3.2a
.58

.8

14.0

.8

.2

2.6b

.2

.27

1.05

.26

within a row with different supercripts are different (P < .10).

.5 ng/ml. The mean daily progesterone
production during the luteal phase was
also determined.
Ovarian follicular development
was monitored using ultrasonography
daily from day 66 to day 73 and every
other day from day 74 through day 87.
To study the follicular phase of the
estrous cycle, heifers were once again
synchronized using two injections of
prostaglandin given 11 days apart so
estrus occurred on approximately day
96 of the experiment. On the morning
of day 106, all ovarian follicles > 5 mm
were ablated via transvaginal follicular
aspiration. Beginning approximately
12 hours post-ablation, jugular blood
samples were collected every six hours
for approximately 72 hours to monitor
the amount of estradiol in blood. Heifers were weighed throughout the trial to
monitor weight gain.
Results
Average heifer weights at the beginning of the trial were not different
between groups and averaged 673 lbs

for heifers in the TRT group and 688
lbs for the CON heifers. Weights at the
end of the trial for heifers in the TRT
and CON groups were not different and
averaged 841 lb and 850 lb, respectively.
Mineral supplementation did not affect
DM intake or ADG which were 18.37
lb/day, 1.54 lb/day and 18.38 lb/day, 1.49
lb/day for heifers in the CON and TRT
groups, respectively.
Liver concentrations of Cu, Mn and
Zn were not different between CON
and TRT heifers on day -1 or 65 of the
experiment (Table 2.). However, liver
biopsy samples indicated a numerical
decrease in Cu and Mn concentrations
in both CON and TRT heifers between
day -1 and day 65. In addition, there
was a decrease (P < .01) in Zn between
day -1 and day 65 of the experiment in
heifers of both groups (Table 2.). The
decrease in liver Cu, Mn and Zn concentrations within both groups is not fully
understood. There appears to be large
variations in liver mineral concentrations
among individual animals as indicated
by the standard error associated with
the means. As the animal grows, vital

organs (liver, kidneys, spleen, heart) also
increase in size. The increase in mass of
the organs may have a diluting effect
of mineral concentrations in the liver.
Because blood volume is a function of
body weight, blood volume increases
as the animal increases in body size,
potentially causing liver concentrations
of minerals to decrease.
The beginning day of the luteal
phase of the estrous cycle for the CON
and TRT groups was not affected by
mineral supplementation (Table 3.).
Luteal phase length was not affected by
mineral supplementation and was 15.3 +
.6 days for the CON group and 14.1 + .6
days for the TRT group. Mean daily P4
production during the luteal phase was
also similar for CON and TRT heifers
(Table 3.). Furthermore, between days
14 and 16, which is when pregnancy is
recognized by the uterus, there was no
difference in daily mean P4 production
between the CON (4.85 + .55 ng/ml) and
TRT (4.26 + .53 ng/ml) heifers.
The size of the largest follicle during
the early portion of the estrous cycle was
not different between the CON and TRT
groups. However, TRT heifers had fewer
follicles (2.6 + .2) greater than 8mm
compared to the CON heifers (3.2 + .2;
P < .10). Finally, mean sample estradiol
concentration in blood was not different
between the CON and the TRT groups
(Table 3.).
Supplementation of Cu, Co, Mn and
Zn at amounts greater than NRC has
been shown to decrease female reproductive performance (1997 Nebraska Beef
Report, pp. 15-17). Our study indicates
supplementing Cu, Co, Mn and Zn at
amounts in excess of NRC recommendations does not affect the physiological
characteristics at the ovarian level which
are important for reproductive success
in cattle. However, supplemented heifers had fewer large follicles. How this
impacts subsequent reproductive performance is not understood.
1Chuck Story, graduate student; Rick Rasby,
associate professor; Dennis Brink, Jim Kinder, professors, Animal Science, Lincoln; Tony Moravek,
former undergraduate student.
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Progesterone Metabolism by the Liver and Brain
During the Estrous Cycle of Heifers
Jorge Quintal-Franco
Hector Jimenez-Severiano
Eraldo Zanella
Michael Wehrman
Brad Lindsey
Eric Melvin
Jim Kinder1
Progesterone in blood varies
because of amount of progesterone
secreted from the corpus luteum and
amount metabolized. Results indicate the primary site of progesterone
metabolism is the liver.
Summary
Heifers were used to evaluate progesterone metabolism in the liver and
brain during the estrous cycle. Blood
samples were collected from the carotid
artery and jugular, portal and hepatic
veins. Progesterone concentrations in
the hepatic vein were less than in portal
and jugular veins and the carotid artery,
but there were no differences between the
carotid artery and jugular and portal
veins. Progesterone concentrations in
the hepatic, portal and jugular veins
represented 25, 89 and 86 percent of
concentrations in the carotid artery,
respectively. During the estrous cycle
much of the progesterone in blood is
metabolized by the liver.
Introduction
The amount of any hormone in circulation is regulated by the rate of hormone release from the endocrine gland
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and the rate of hormone degradation in
the organs that metabolize it. The liver
is a major site of hormone metabolism
and it contributes to the maintenance of
peripheral concentrations by degrading
most hormones during a single passage.
Metabolic function in the liver also
involves processing and degradation of
steroids that are produced in the body or
administered via injections or implants.
In some species, organs other than the
liver also contribute to progesterone
metabolism. In sheep, for example,
progesterone metabolism by the brain
total progesterone clearance. There are
no reports of the uptake of progesterone
by the liver, portal drained viscera or the
brain in cattle. Therefore, the objective
of this study was to quantify amounts
of progesterone metabolized by the
liver and brain of heifers, and to assess
differences in amounts of progesterone
metabolized during different days of the
luteal phase of the estrous cycle.
Procedure
Six postpubertal heifers of composite
breeding (1/4 Hereford, 1/4 Angus, 1/4
Red Poll, 1/4 Pinzgauer; 716 + 44 lb
with permanent indwelling catheters in
the hepatic vein, two mesenteric veins
and portal vein. Heifers were allowed
to recover from surgery for one month
before initiation of sampling periods.
During surgery, the right carotid artery
was isolated and placed subcutaneously.
The carotid artery, along with the jugular
vein, were catheterized one day before
each period of sample collection. Estrus

was synchronized in all heifers with two
injections of prostaglandin F2 given 11
days apart.
Blood samples were taken simultaneously from the hepatic, portal and
jugular veins and from the carotid artery
at 30 minute intervals for three hours,
on days seven, 11 and 15 of the estrous
cycle subsequent to synchronization.
sample collection, heifers were continuously infused through the mesenteric
vein with a solution of 2 percent (w/v)
of para-amino hippuric acid (PAH). To
quantify concentrations of PAH in circulation, 5 mL of blood was simultaneously
withdrawn from hepatic and portal veins
and the carotid artery every 30 minutes
for three hours. Concentrations of progesterone in plasma were analyzed by
radioimmunoassay.
Results
Mean concentrations of progesterone in circulation in the carotid artery,
jugular, hepatic and portal veins of
heifers consistently increased with day
of the estrous cycle (P<.01). No differences were found (P>.10) among mean
concentrations of progesterone from
the jugular and portal veins and carotid
arteries of all heifers pooled over all days
(Table 1). This indicates the amount of
progesterone metabolized by neither
the brain nor the portal drained viscera
progesterone in the jugular vein during
the luteal phase of the estrous cycle of
all heifers represented 77 to 92 percent,
with an overall average of 86 percent
of the concentration in arterial blood.

Table 1. Least squares means of circulating progesterone concentrations in different blood vessels
of heifers, pooled over three days during the luteal phase of the estrous cycle (ng/mL) a
Blood vessel
Heifer

Carotid

Jugular

Portal

Hepatic

1

6.9

5.9 (85.3)

6.4 (92.8)

0 . 9

b

2

7.7

5.8 (76.6)

6.9 (89.2)

1 . 0

b

4

6.9

5.9 (92.2)

5.9 (91.2)

0 . 9

b

6

8.8

7.6 (86.1)

7.2 (82.1)

0.5b (

Mean

7.5d

6.3 (84.2) d

6.8 (91.3) d

0 . 8

e

3

7.2

6.5 (90.3)

6.6 (92.2)

4 . 0

c

5

7.5

6.8 (90.6)

6.8 (90.0)

4 . 1

c

4)

net uptake of progesterone during the mid-luteal phase of heifersabcd
Blood Flow (L/h,
Day of the
estrous cycle Portal

+

+ SE)

Hepatic

PDV

Hepatic

TSF

P4 uptake (mg/h)

11

400e + 16

460e + 20

-298 + 38

-1877 + 183

-2174 + 154

2.17 + 0.15

15

296f + 6

368f + 8

-156 + 49

-2092 + 179

-2248 + 211

2.24 + 0.21

cantly greater (P<.01) than in the other
four heifers during the three sampling
periods.
Findings from this study could help
explain individual differences in response to treatments with progesterone
to synchronize stage of estrous cycles in
cattle because some animals are capable
of degrading more progesterone than
others. Differences in metabolism rate
of progesterone by the liver and portal
drained viscera among heifers would
allow for differences in the amount of
negative feedback of progesterone on
gonadotropin secretion and response to
progesterone-based treatments to synchronize estrous cycles of cattle.
Estimated values of blood flow
through the liver on day seven of the
estrous cycle could not be calculated
because of problems incurred with
infusion of PAH, and hence data were
discarded from analyses involving
liver was greater (P<.05) on day 11 than
day 15 of the estrous cycle (Table 2);
this difference could not be explained
physiologically. No differences (P>.10)

a

of PAH = 4000 mg/h.
bPDV = (Portal P - Arterial P ) x PBF.
4
4
cHepatic Flux = (Hepatic P - Arterial P x ABF) + (Hepatic P - Portal P x PBF). Arterial Blood Flow
4
4
4
4
(ABF) = HBF - PBF.
d

efValues

in the same column with different superscript differ (P<.05).

The latter value indicates the amount of
progesterone metabolized by the brain
is only 14 percent. Mean concentration
of progesterone in portal blood was
equivalent to 89 percent of the concentrations of progesterone in the carotid
artery (range 82 to 93 percent), indicating
that progesterone metabolism by portal
drained viscera is about 11 percent. In
this study, circulating concentrations of
progesterone in the hepatic vein of four
heifers were about 12 percent of that
present in portal circulation. The latter
terone metabolism by the liver is about
88 percent, indicating most splanchnic
degradation of progesterone in these four
heifers was carried out by the liver.

Mean concentration of progesterone
less (P<.01) compared with the carotid
artery (Table 1). Concentrations of progesterone in the hepatic vein indicate
approximately 75 percent of total progesterone is metabolized by the liver and
portal drained viscera together. Differences were found in mean concentrations of progesterone in the hepatic vein
among heifers. Mean concentrations of
progesterone in the hepatic vein were
and jugular veins and the carotid artery
in four of six heifers during days seven,
11 and 15 of the estrous cycle. In two
of six heifers, concentrations of proges-

liver among heifers within days of the
estrous cycle. No differences (P>.10)
were found between days 11 and 15 of
terone in the portal drained viscera, in
hepatic tissue and in the net uptake of
progesterone by the liver.
In summary, total progesterone metabolism by the brain and by the portal
drained viscera of heifers was not sigwas the liver with up to 88 percent of
progesterone that entered this organ
being metabolized. Another important
among heifers in amount of progesterone
metabolized by the liver.
1 Jorge Quintal-Franco, former graduate
student. Hector Jimenez-Severiano, graduate
student. Eraldo Zanella, graduate student. Michael Wehrman, former graduate student. Brad
Lindsey, graduate student. Eric Melvin, former
graduate student. Jim Kinder, professor of Animal
Science, Lincoln.
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Cysteine from Feather Meal And Sulfur Amino
Acid Requirements for Growing Steers
Mark Klemesrud
Terry Klopfenstein1

Cysteine from feather meal can
provide a portion of the supplemental sulfur amino acids required by
growing cattle. However, additional
methionine may further improve
performance.
Summary
Ninety individually fed steers were
used to determine how cysteine from
feather meal could replace dietary methionine in meeting their requirements
teins included blood meal, blood meal
plus incremental levels of feather meal
or blood meal plus incremental levels of
rumen-protected methionine. Addition
of sulfur amino acids to blood meal
from feather meal or rumen-protected
methionine improved average daily
gain (P < .05). Rumen-protected
methionine elicited a greater gain
response than feather meal (P < .05).
Feather meal can provide some of the
sulfur amino acids lacking in blood meal.
However, additional methionine may
further improve performance.
Introduction
Growing calves consuming forage
protein. To meet the animal’s metabolizable protein requirement, escape protein
sources are generally supplemented.
However, sources of escape protein
vary markedly in amino acid content,
amino acids available for the animal, and,
Blood meal (BM) is an excellent source
1999 Nebraska Beef Report — Page 14

of escape protein (89 percent of CP), but

Procedure

(SAA). Feather meal (FTH) is also an
excellent source of escape protein (60
percent of CP) and SAA. However, FTH
contributes primarily cysteine rather than
methionine. Addition of FTH to BM has
resulted in improved daily gain and pro-

A calf growth trial was conducted
using 90 medium-framed crossbred beef
steers (535 lb) individually fed diets (DM
basis) of 44 percent sorghum silage, 44
percent corncobs and 12 percent supplement (Table 1). The steers were assigned
randomly to one of two treatments, either a BM supplement plus incremental
levels of FTH or a BM supplement plus
incremental levels of rumen-protected
methionine (Smartamine M®; RhônePoulenc Animal Nutrition). Inclusion of
BM (2.6 percent of diet DM) was equal
between supplements and formulated
to supply 106 g/day of metabolizable
protein. NRC (1996) equations predicted
2.6 percent BM to provide adequate
amounts of all essential amino acids,
except methionine and SAA. Supplements were mixed at feeding to provide
incremental levels of SAA from either
FTH or rumen-protected methionine.
These levels were 0, .25, .5, 1, 1.5, 2, 4

the result of a complementary array of
amino acids in FTH and BM.
A physiological requirement exists for
both methionine and cysteine. A dietary
requirement, however, exists only for
methionine, since cysteine can be synthesized from methionine. The reverse
reaction does not occur. Dietary sources
of cysteine such as FTH, however, can be
utilized; dietary cysteine can spare some
dietary methionine, allowing dietary
methionine to be used with greater efthe extent to which dietary cysteine could
replace dietary methionine.

Table 1. Composition of diets (percent of DM) fed to growing steers.
Treatment
Ingredient
Sorghum silage
Ground corncobs
Dry supplement
Blood meal
Soybean hulls
Urea
Dicalcium phosphate
Feather meal
Smartamine M
Salt
Tallow
Ammonium sulfate
Trace mineral premix
Vitamin premix
Selenium premix

Blood meal
control

Blood meal +
feather meala

Blood meal +
methioninea

44
44
12
2.60
6.52
1.17
.92
—
—
.30
.20
.20
.05
.03
.01

44
44
12
2.60
3.04
.70
.81
4.06
—
.30
.20
.20
.05
.03
.01

44
44
12
2.60
6.39
1.14
.92
—
.16
.30
.20
.20
.05
.03
.01

aSupplements were formulated based upon calculated values to provide 6 g sulfur amino acids per day
from either feather meal or rumen-protected methionine and were mixed at feeding with the blood meal
control supplement to supply incremental levels of additional sulfur amino acids (0, .25, .50, 1, 1.5, 2,
4 and 6 g/day).

Table 2. Daily gain of growing steers fed a blood meal supplement with incremental levels of
metabolizable sulfur amino acids from either feather meal or rumen-protected methionine.
Source of sulfur amino acids
Added sulfur amino
acid level (g/day)
0
.25
.50
1.0
1.5
2.0
4.0
6.0
Overallc
SEM

Blood meal
(control)
n
ADGa
20

Blood meal +
feather meal
n
ADG

Blood meal +
rumen-protected methionine
n
ADGb

.86
0
7
7
7
4
4
4

—
.99
1.01
1.08
.75
1.14
1.08
1.01
.05

.06

7
7
7
4
4
4
4

1.08
1.06
1.08
1.14
1.19
1.23
1.43
1.14
.04

aControl

vs addition of sulfur amino acids (P < .05).
effect for rumen-protected methionine addition (P < .05).
cFeather meal vs rumen-protected methionine (P < .05).

Blood meal + methionine
Slope = .32 = .094
Max gain = 1.25*, SE = .061

Blood meal + feather meal

1.06

Slope = .20, SE = .099
Max gain = 1.06*, SE = 0.62

*Gains differ, P < .05
**Blood meal control

.86**
0

1

2

3

4

5

6

Supplemental sulfur amino acid level, g/day

or 6 g/day of metabolizable SAA. Of the
90 steers, 20 were fed the BM, 33 were
fed BM plus incremental levels of FTH
and 37 were fed BM plus incremental
levels of rumen-protected methionine
(Table 2).
Steers were individually fed, at
an equal percentage of body weight,
once daily with Calan electronic gates
(American Calan, Northwood, NH). The
DM fed as a percentage of body weight
was adjusted as needed to minimize orts
while maintaining intake near ad libitum.
Average DMI for the trial was 2.1 percent of body weight. Weight data were
collected before feeding every 28 days

Averaged across levels of SAA supplementation, steers fed rumen-protected
methionine had greater gains than steers
fed FTH (P < .05; Table 2). Inclusion of
rumen-protected methionine as a source
of SAA linearly improved ADG (P <
.05; Table 2).
Nonlinear analysis predicted a
maximum gain of 1.06 lb/day for steers
supplemented with FTH as the source of
SAA, which was less than 1.25 lb/day
for steers supplemented with rumenprotected methionine (P < .05; Figure 1).
gain/g SAA and .32 lb gain/g SAA for
FTH and rumen-protected methionine,
respectively (Figure 1).
Under the conditions of this trial,
the maximum gain response for FTH
was 51 percent the maximum gain
response for rumen-protected methio-

bLinear

1.25

BM improved daily gain (P < .05; Table

and intakes were recalculated based on
current weights. Weights were taken on
three consecutive days at the beginning
on day 56 and at end of the 84-day trial.
Steers were implanted with estradiol-17
at the beginning of the study. Animal
performance was measured in terms of
calculated for each treatment as gain
versus supplemental SAA intake, using
the slope-ratio technique.

FTH improved gains, the greater gain
achieved with rumen-protected methionine suggests methionine rather than
cysteine may still be limiting. However,
FTH can provide 51 percent of the
supplemental SAA required for maximum gain. Research in other species
has estimated cysteine’s contribution
to meeting the total SAA requirement
at 50 percent.
A slope response would suggest rumen-protected methionine is used with
SAA in FTH. The slope response for FTH
was 62 percent the slope response for
rumen-protected methionine (.20/.32);
however, these differences are not sig-

and FTH provides primarily cysteine.
Results indicate FTH and rumenprotected methionine can provide
SAA lacking in BM. While FTH can
provide up to 51 percent of the SAA
lacking in BM, greater gains achieved
with rumen-protected methionine
suggest methionine rather than cysteine

Results
Steers supplemented with BM alone
gained .86 lb/day. Addition of SAA to

1Mark Klemesrud, graduate student; Terry
Klopfenstein, professor Animal Science, Lincoln.
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Hog Hair Meal as a Protein Source for Ruminants
Amie Mass
Ryan Mass
D.J. Jordon
Terry Klopfenstein1
Commercially produced hog hair
meal can be improved by increasing
the rigor of hydrolysis conditions.
Properly processed hair meal has a
protein value between soybean meal
and feather meal.
Summary
A cattle growth trial, two lamb digestion trials and a lamb growth trial
evaluated hog hair meal as a protein
source for ruminants. Although no difin the cattle trial, hair meal tended to be
meal and soybean meal and true nitrogen
digestibility of hair meal was lower than
both feather meal and soybean meal.
and hydrolysis time were applied to raw
increased as hydrolysis time and steam
pressure increased. Metabolizable protein supplied by hair meal was increased
by added hydrolysis time.
Introduction
Keratin proteins are found in feather
meal (FM) and hog hair meal (HM).
Although these animal tissues are very
high in crude protein concentration (80100 percent), the protein is relatively
unavailable to ruminants unless it is
hydrolyzed (added steam pressure). Hydrolysis conditions have been optimized
for FM to make it an excellent source
of supplemental protein for ruminants.
However, optimal hydrolysis conditions
research objectives of this study were:
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two commercially produced HM sources
relative to FM and soybean meal (SBM);
2) to estimate true nitrogen digestibilities
of these HM sources; 3) to test effects
steam pressure and rendering time have
on true nitrogen digestibility of HM;

supplemental CP, with urea providing
the remaining CP necessary to balance
each diet at 11.5 percent CP (DM basis). Weights were measured on three
consecutive days at beginning and end

Procedure

calculated as gain above the urea control versus natural protein intake, was
calculated for each treatment using the
slope-ratio technique.

British crossbred steers (n = 120; 592
lb) were fed individually (at equal percentage of body weight) a diet containing
44 percent sorghum silage, 44 percent
ground corncobs, and 12 percent supplement once daily using Calan electronic
gates. Calves were assigned randomly to
one of eight supplement treatments: urea
control, SBM, FM, two HM (each from
separate rendering facilities; HM1 and
HM2) and each of the keratin proteins
with added blood meal (FMB, HMB1
and HMB2, respectively; Table 1). The
exact processing conditions of each HM
were not known. Protein sources were
fed at 30, 40, 50 and 60 percent of the

A lamb digestibility trial was conducted using 21 crossbred wether lambs
to evaluate true nitrogen digestibility
of keratin proteins from Trial 1 relative
to a urea control diet. Lambs were fed
individually (at equal percentage of body
weight) a basal diet of ensiled corncobs
and alfalfa pellets supplemented with one
of the protein sources. The trial consisted
of two 21-day periods. Each period included 10 days of diet adaptation, four
days of crate adaptation and seven days
of total fecal collection. Lambs were
housed in individual pens during the
10-day diet adaptation phase. Lambs
were reassigned randomly to another

optimal HM treatments.

Table 1. Supplements fed to growing steers (Trial 1)a
Ingredients
Soybean hulls
Urea
Soybean meal
Feather meal
Hair meal 1
Hair meal 2
Blood meal
Dicalb
Salt
Amm. sulfate
Trace mineralc
Vitaminsd
Se premixe
Limestone

UREA

SBM

FM

FMB

HM1

HMB1

HM2

HMB2

73.8
14.5
—
—
—
—
—
7.2
2.3
1.5
0.4
0.3
0.1
—

17.8
6.9
65.2
—
—
—
—
5.6
2.3
1.6
0.4
0.3
0.1
—

47.3
6.9
—
34.9
—
—
—
6.3
2.3
1.6
0.4
0.3
0.1
—

47.4
6.9
—
27.9
—
—
6.7
6.5
2.3
1.6
0.4
0.3
0.1
—

27.7
7.0
—
—
54.8
—
—
5.9
2.4
1.6
0.4
0.3
0.1
—

32.1
7.0
—
—
43.0
—
7.3
6.1
2.3
1.6
0.4
0.3
0.1
—

12.9
7.0
—
—
—
69.9
—
5.5
2.4
1.6
0.4
0.3
0.1
0.1

21.2
7.0
—
—
—
53.6
7.8
5.9
2.4
1.6
0.4
0.3
0.1
—

aUrea control (UREA), soybean meal (SBM), feather meal (FM), feather meal:blood meal (FMB), hair
meal 1 (HM1), hair meal:blood meal (HMB1), hair meal 2 (HM2), and hair meal 2:blood meal (HMB2).
bDicalcium phosphate.
cPremix contained 10 percent Mg, 6 percent Zn, 4.5 percent Fe, 2 percent Mn, .5 percent Cu, .3 percent
I, and .05 percent Co.
dPremix contained 5,000 IU vitamin A, 3,000 IU vitamin D, 3.75 IU vitamin E per gram of premix.
ePremix contained .06 percent Se.

treatment at the end of each period. The
amount of basal diet offered to each lamb
was adjusted based on a weight taken at
the beginning of each period. Feed, feces
and orts were collected and analyzed for
DM and nitrogen concentration.

for each sample. Tubes were stoppered
and incubated for two time periods (three
for 18 hours and three for 24 hours) at
102oF. The ammonia concentration of the
UIP relative to standards whose in vivo
UIP concentrations were measured.

digestibility
Raw hog hair was hydrolyzed at different levels of steam pressure and time
using a test cooker. Both internal and
jacket steam were used to regulate the
pressure. Six treatments (45-45, 45-90,
45-120, 45-150, 60-90 and 70-45 psi and
minutes, respectively) were analyzed using the same procedures stated in Trial
2, with the exception of the basal diet
of the digestion trial. Because of greater
palatability, cottonseed hulls replaced
ensiled corncobs.

Crossbred wether lambs (n = 60;
73 lb) were fed individually (at equal
percentage of body weight) a diet consisting of 70 percent sorghum silage,
10 percent starch, 4 percent molasses,
2 percent Alifet® , 2 percent tallow and
12 percent supplement. Lambs were assigned randomly to one of six supplement
treatments: urea control, FM, HM1 (from
Trial 1), 45-120, 60-90 and 70-45 (from
Trial 3). Keratin protein sources were
fed at 30, 40, 50 and 60 percent of the
supplemental CP, with urea providing
the remaining CP necessary to balance
each diet at 11.5 percent CP (DM basis).
All supplements (except the urea control) contained blood meal. Initial and
consecutive days at the beginning and
was calculated as in Trial 1.
The undegraded intake protein (UIP)
concentration of proteins in each trial
was estimated by the in-vitro ammonia
and strained through four layers of cheese
cloth. A bicarbonate buffer solution was

steers in Trial 1.

Results

Treatment

PEa

SEb

Soybean meal
Feather meal
FMBc
HM1d
HMB1e
HM2f
HMB2g

.95
1.35
1.80
.59
1.22
.30
.67

.35
.53
1.00
.35
.52
.39
.39

a

gain above the urea control over natural protein
intake.
b

were similar among all protein sources

cFeather

meal:blood meal.
meal #1.
eHair meal #1:blood meal.
fHair meal #2.
gHair meal #2:blood meal.
dHair

was highest for FMB (1.80), followed
by FM (1.35), HMB1 (1.22), SBM
(1.00), HMB2 (.67), HM1 (0.59) and
differences were detected among protein
sources. However, numerical differences
suggest FM, FB and HB1 have higher

processing conditions for hair meal are
not optimal.
Although it had the highest UIP
concentration (85.9 percent of CP), calculated MP was lowest for HM2 (19.0
percent of CP; Table 4). Feather meal had
the highest MP (63.7 percent), followed
by HM1 (38.0) and SBM (20.6). This indicates a high UIP concentration does not
necessarily translate into a high degree
of available protein for the animal.

alone is not as effective as either FM or
SBM. This is because the amino acid
suggest not all sources of HM are equal

The lowest true nitrogen digestibility
was found for HM2 (33.1 percent: Table
3). Soybean meal (90.6 percent) and
feather meal (80.3 percent) were not different from each other but were higher in
true nitrogen digestibility than both HM
sources evaluated (P < .05). A difference
(P < .05) was detected between HM1
(60.3 percent) and HM2 indicating that
the hydrolysis method used for HM2 was
not as effective as that used for HM1.
The lower true nitrogen digestibilities of
the two HM, compared with FM, suggest

digestibility
True nitrogen digestibility of HM
increased with both increased hydrolysis
time and increased steam pressure (Table
4). On the other hand, UIP concentration of hydrolyzed HM decreased with
additional pressure and time. The 70-45
treatment had the highest true nitrogen
digestibility (81.1 percent) and the lowest
(Continued on next page)

Table 3. Crude protein, undegraded intake protein (UIP), true nitrogen digestibility (TND) and
metabolizable protein (MP) concentrations of proteins tested in Trial 2.
Treatments
Soybean Meal
Feather Meal
Hair Meal #1
Hair Meal #2

CP (percent of DM) UIP (percent of CP)a
48.0
95.6
90.3
87.2

30.0
83.0
77.6
85.9

TND b

MP (percent of CP)c

90.6d

20.6
43.3
38.0
19.0

80.4d
60.4e
33.1f

aMeasured

containing enough sample to provide 20
mg of nitrogen. Six tubes were incubated

by the in vitro ammonia release procedure.
error of TND estimate = .13.
cMP = UIP - (100 - TND).
d,e,fMeans with unlike superscripts differ (P < .05).
bStandard
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Table 4. Effect of steam pressure and time on undegraded intake protein concentration (UIP), true
nitrogen digestibility (TND) and calculated metabolizable protein concentration (MP) of
hog hair in Trial 3.
Pressurea

Time (min)

UIP (percent of CP)b

TND

MPc

45
45
45
45
60
70

45
90
120
150
90
45

77.4
75.9
72.5
63.7
54.5
52.8

63.7
68.9
72.4
77.9
79.4
81.1

41.1
44.8
44.9
41.6
33.9
33.9

aPounds

per square inch of pressure applied during hydrolysis.
by the in vitro ammonia release procedure.
cMP = UIP - (100 - TND).

Treatment

PEa

SEb

Feather meal
Hair meal #1c
45-120d
60-90i
70-45f

1.75g
.18h
.80g,h
.32h
.13h

.23
.24
1.35
.25
.21

a

gain above the urea control over natural protein
intake.

UIP concentration (52.8 percent of CP) of
all treatments. Calculated MP supply was
highest for both 45-90 and 45-120 (44.8
and 44.9 percent of CP, respectively).
These data suggest optimal hydrolysis
conditions for HM treated in this type
of cooker are 45 psi of steam pressure
for 90 minutes. Optimal conditions may
vary in a commercial setting.

b

cCommercially

produced hair meal from Trial 1
(processing conditions unknown).
dHair hydrolyzed at 45 psi for 120 min.
eHair hydrolyzed at 60 psi for 90 min.
fHair hydrolyzed at 70 psi for 45 min.
g,hMeans with unlike superscripts differ (P <
.05).

commercially produced HM1, 60-90,
and 70-45 hair meals (P < .05). These
showed 45-120 yielded the optimal
calculated MP supply. The data also
HM1 tended to be lower in protein ef-

bMeasured

lambs in Trial 4.

not different (P < .05), suggesting
HM protein can approach the protein
quality of FM. Both 45-120 and FM

trial are found in Table 5. The highest

The research demonstrates the range
of protein quality found in HM currently
available to livestock producers and
begins to describe hydrolysis conditions
necessary for optimal supply of MP to
the animal. The MP values measured
suggest HM, when properly processed,
has a protein value between SM and FM
when amino acid balance is corrected
by addition of complementary protein
sources such as blood meal.
1Amie Mass, former graduate student, Ryan
Mass and D.J. Jordon, research technicians , and
Terry Klopenstein, professor, Animal Science,
Lincoln.

FM and 45-120. These values were

Pork Meat and Bone Meal Value Relative to
Soybean Meal for Growing Calves
Casey Wilson
Galen Erickson
Ryan Mass
Terry Klopfenstein1
High-ash pork meat and bone
meal is a viable escape protein
source for growing cattle. Nonenzymatic browning increased
escape values but did not improve
growth performance.
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Summary
Individually fed steer calves (n=90)
were used to evaluate different rendering procedures of pork meat and bone
meal on protein quality as compared
included an urea control, soybean meal,
high-ash pork meat and bone meal,
pork meat and bone meal control and
non-enzymatically browned (NEB) pork
meat and bone meal. High-ash meat

higher than other treatments. However,
the escape values determined by the
ammonia release procedure were higher
for NEB meat and bone meal, suggesting
relative to the control and high-ash meat
and bone meal.
Introduction
To optimize production, growing
calves are often supplemented with
undegradable intake protein (UIP) to

meet their metabolizable protein requirements. Meat and bone meal (MBM) is a
rendered animal byproduct often used as
a source of UIP. Different rendering procedures can have varying effects on the
composition of MBM. Non-enzymatic
browning is one method used to increase
the UIP content in some products.
The non-enzymatic browning (NEB)
of soybean meal with xylose-containing
the UIP value from 30 to 75 percent (as
percent of CP). Non-enzymatic browning of meat and bone meal with xyloseshown to increase the UIP from 51.9
to 66.0 percent (Nebraska Beef Report
1996 pp. 29-31).
Although soybean meal (SBM) is a
commonly used source of protein for
growing cattle, it has a lower UIP value
than MBM. Using supplements with
increased UIP protein values has previously been shown to increase gains in
growing cattle.
The objectives of this research were
to evaluate how different rendering
procedures of pork meat and bone meal
affected protein quality, as compared to
soybean meal, for growing calves. We
also investigated the effect of NEB and
rendering time on the UIP concentration
of pork bone and pork digestive tract.
Procedure
A laboratory trial was conducted to

investigate the effect of xylose-containtime on the UIP concentration of pork
bone and pork digestive tract. The tissues
were ground and placed in aluminum
pans. Treatments were applied utilizing
three rendering times at 250oF (60, 90
liquor (0, 1.5, 2 and 2.5 percent of DM).
30 percent xylose (DM basis). Tissues
were dried at 140oF for 48 hours and the
fat was extracted using petroleum ether.
The tissues were then ground through a
1-mm screen using a Wiley mill. Analysis
of UIP was conducted using the in vitro
steer and strained through four layers of
cheese cloth. A bicarbonate buffer soluto test tubes containing enough sample
to provide 20 mg of CP. Six tubes were
incubated for each sample. Tubes were
stoppered and incubated; three for 18
hours and three for 24 hours, at 102oF.
The ammonia concentration of each
relative to standards measured in vivo.
A calf growth trial was conducted using 90 steer calves (534 lb) individually
fed diets (DM basis) of 44 percent sorghum silage, 44 percent corncobs and 12
percent supplement (Table 1). The steers
were assigned randomly to treatment and
level of treatment protein. Treatments

Table 1. Supplement composition (percent DM basis).
Supplement
Ingredient

Urea

SBM

High-ash MBM

MBM control

NEB-MBM

Soybean meal
High-ash MBM
MBM control
Treated MBM
Urea
Soybean hulls
Limestone
Dicalcium phosphate
Salt
Tallow
Ammonium sulfate
Trace mineral premix
Selenium premix
Vitamin premix
Smartamine Ma

—
—
—
—
15.7
70.1
—
7.6
2.5
1.7
1.7
.4
.1
.3
—

82.6
—
—
—
—
—
.4
5.5
2.5
1.7
1.7
.4
.1
.3
.7

—
66.7
—
—
—
19.6
—
—
2.5
1.7
1.7
.4
.1
.3
.7

—
—
55.0
—
—
31.3
—
—
2.5
1.7
1.7
.4
.1
.3
.7

—
—
—
55.0
—
31.3
—
—
2.5
1.7
1.7
.4
.1
.3
.7

aSmartamine

consisted of: 1) urea (control); 2) SBM;
3) high-ash MBM; 4) MBM control
and 5) NEB-MBM. Protein sources
were fed at 30, 40, 50 and 60 percent
of the supplemental nitrogen with urea
supplying the remainder. Regardless of
the assigned level, all steers consumed
a diet containing 11.5 percent CP (DM
basis). Rumen protected methionine
was included by feeding 3 grams/day
of Smartamine MTM (Rhone-Poulenc
Animal Nutrition, Atlanta, GA) with
each supplement.
All steers were implanted with
Synovex-S on day one. The steers were
individually fed (at an equal percentage
of body weight) once daily using Calan
electronic gates. Weights were collected
before feeding on three consecutive days
at the beginning and end of the 84-day
gain above the urea control versus natural
protein intake, was plotted for each treatment using the slope-ratio technique.
Results

Extending rendering time from 60 to
120 minutes had no effect (P>.05) on the
UIP value of either pork bones or pork
digestive tracts. Increasing the level of
xylose liquor created a linear increase
in the UIP value of both pork tissues
compared to the controls (P<.01). The
controls were initially different with pork
bone and pork digestive tract UIP values
of 63.5 and 37.3 percent, respectively.
High-ash MBM is higher in UIP relative
to control MBM which may be due to
greater concentration of bone (ash) tissue
in high-ash MBM.
The UIP values of both tissues tended
(quadratic, P=.09) to be optimized at 2
percent added xylose liquor treatment
level with pork bone and pork digestive tract UIP values of 74.8 and 42.9
percent, respectively. There was also a

value of pork bone more than pork digestive tract (Table 2).
(Continued on next page)

M provided 3 g per head of rumen protected methionine.
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Table 2. Non-enzymatic browning effects on
UIP values determined by in vitro
ammonia release.

Tissue type
Pork digestive
tract

Pork bone

Added
yxlose liquor
(percent
of DM)

Percent
UIP
(percent
of CP)

0.0
1.5
2.0
2.5

37.3
40.3
42.9
44.3

0.0
1.5
2.0
2.5

63.5
70.0
74.8
78.5

MBM-high-ash
(2.16)

MBM-control
(1.75)

NEB-MBM
(1.64)

SBM
(1.59)

1.0
0.9
0.8

.72 lbs/d

0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0
0
250

50

100

150

200

F

Growth trial
The urea control steers gained .63 lb/
day, while maximum gain due to protein
supplementation, as determined by nonlinear regression, was .72 lb/day above
the urea controls. The increase in gain
ditional metabolizable protein supplied
by the MBM supplements as UIP. Steers
receiving the SBM treatment had numeriprotein utilization was greatest (P<.10)
for steers fed the high-ash MBM over
all treatments including NEB-MBM
(2.16 versus 1.64, respectively; Figure
1). These data would also suggest the
treatment of MBM by non-enzymatic
browning was ineffective in increasing
the MP supply to the animal. Using the
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ammonia release procedure, the treated
MBM showed an increased UIP value
over the high-ash MBM, 76.5 percent
versus 68.4 percent respectively.
Treated MBM has been shown to provide an increase in gains over untreated
MBM (1996 Nebraska Beef Report,
pp. 29-31). This did not seem to be the
case in this trial, with both treated and
untreated MBM having similar gain
the additional processing of the treated
MBM had some effect on digestibility,
masking any improvement observed in
UIP content.
Results of this research indicate
feeding high-ash pork MBM is a feasible
means of increasing UIP protein values
The increased concentration of UIP with
high-ash MBM is probably due to the

bone tissue, as the laboratory experiment
illustrated a significant difference
between the bone and digestive tract
protein. It also suggests treating MBM
with xylose liquor was ineffective in
of growing calves. The UIP values determined with the ammonia release procedure indicates treated MBM should have
promoted better performance and protein
to determine the cause of the change
NEB-MBM, in particular the effect of
non-enzymatic browning of pork MBM
on lower tract digestibility.
1Casey Wilson and Galen Erickson, graduate students; Ryan Mass, laboratory technician;
Terry Klopfenstein, professor, Animal Science,
Lincoln.

Steer Performance Within Summer
Grazing Systems
D. J. Jordon
Galen Erickson
Terry Klopfenstein
Don Adams
Todd Milton
Rob Cooper1
Grazing bromegrass followed
by warm-season grass maximized
ing systems, resulting in the most
desirable slaughter breakeven.
Summary
97 evaluated summer grazing systems
Steers were wintered on cornstalks and
assigned to one of three summer grazing
from bromegrass, 2) Bromegrass/warmseason grass, or 3) Sandhills range.
Steers on the sequential bromegrass
treatment gained fastest in the summer,
but had a higher slaughter breakeven.
Sequential bromegrass, steers were on
fewer days; therefore, breakeven was
increased. Steers on the bromegrass/
warm-season treatment had the lowest slaughter breakevens due to more
total weight gain on forage. Slaughter
breakevens were similar between the
sequential bromegrass and Sandhills
range treatments.
Introduction
In the summer, grazing of forages
produces excellent gains (1.5-2.0 lb/day)
while lowering cost of gain. Maximizing
grazed forage gain while cost of gain is
low reduces overall breakeven costs of
forage systems (1997 Nebraska Beef
Cattle Report, pp. 56-59). Therefore,
matching grazing systems with forage
quality and availability should increase
animal gains, resulting in lower slaugh-

ter breakevens. Typically, cool-season
grasses grow well in May and June and
decline in July and August, resulting
in reduced performance. Low gains
in mid-summer make the economics
of continuous grazing of cool-season
grasses less favorable. An alternative to
continuous grazing at one stocking rate
is to stock heavier in the early spring and
remove cattle as forage resources decline.
Removing cattle allows producers to
more easily match stocking rates with
yearly variations in forage quality and
quantity. Another alternative to continuous grazing of cool-season grasses is to
move animals to warm-season grasses in
July and August when forage production
declines in cool-season pastures. Moving of animals to warm-season pastures
should result in sustained performance
and lower slaughter breakevens. Yet
another option is to transport cattle
to range sights where both cool- and
warm-season grasses grow together so
‘summer slumps’ in forage quantity and
quality are not as dramatic.
The objective of this research was
to compare economics of three summer
grazing systems: sequential removal of
cattle from bromegrass; bromegrass
followed by movement to warm-season
grasses; and Sandhills native range.
Procedure
Wintering period
In the fall, 96 medium-framed crossbred steers were purchased and allowed
a 28 day acclimation period. Steers were
then wintered on common corn residue
February 14, 1997. While on cornstalks,
steers received 1.5 lb/head/day (as-is)
of a protein supplement formulated to
contain 44 percent CP and 30 percent
undegradable intake protein (DM basis).
Following cornstalk grazing, steers were
placed into a drylot where they received
grass hay and a mineral supplement adlibitum until May 3, 1997. The winter-

ing scheme was designed to maintain
animal health, while keeping inputs to
a minimum.
Summer period
On May 3, 1997 steers were weighed,
implanted with Compudose®, and randomly assigned to one of three summer
grazing treatments: 1) sequential removal of cattle from bromegrass (BROME;
Mead, Nebraska), 2) bromegrass/warmseason grass (BW; Mead, Nebraska), and
3) Sandhills range (SAND; Stapleton,
Nebraska). Stocking rates in the two
bromegrass treatments were based on
112 animal days/acre (5.33 AUM) of
bromegrass and warm-season pasture.
The sequential bromegrass treatment was
designed to match stocking rate in pastures with bromegrass growth. Pastures
were stocked heavily early in the grazing season when substantial bromegrass
growth typically occurs and lighter in
mid-summer when bromegrass growth
typically experiences a ‘summer slump’.
Two 16.5 acre bromegrass pastures were
utilized. Each pasture initially contained
24 head. On June 2, 1997, eight head were
removed from each pasture, leaving 16
head. It was intended that on July 14,
1997, an additional eight head would be
removed from pastures, leaving 8 head in
each pasture to graze until September 8,
1997. Bromegrass growth, as expected,
was excellent through most of May.
However, temperatures turned hot sooner
than expected coinciding with reduced
rainfall, resulting in little or no regrowth
of bromegrass. Although cattle on the
BROME treatment quickly consumed
available forage, cattle were removed
as planned on June 2, 1997. Because
pastures had been heavily stocked early
in the season, forage became limiting and
the second eight head of BROME cattle
were removed from pastures on June 23,
1997 instead of July 14, 1997, as planned.
As mentioned previously, stocking rate
was originally based on 112 animal
(Continued on next page)
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days/acre in the BROME treatment;
however, because cattle were removed
early, pastures were actually stocked at
91 animal days/acre (4.33 AUM). The
BW treatment was used to provide both
bromegrass and warm-season pastures
for 16 head. Again, stocking rate was
based on 112 animal grazing days/acre
of pasture, resulting in a requirement of
19.3 total acres of pasture. The 19.3 acres
was multiplied by a factor of .4 and .6
for bromegrass and warm-season grass,
respectively, to determine that 7.7 acres
of bromegrass and 11.6 acres of warmseason grass were required. Steers grazed
the bromegrass from May 3, 1997 until
June 10, 1997 when they were moved
to warm-season pastures where they
remained until September 15, 1997. On
May 3, 1997, 16 steers on the SR treatment were shipped to a location in the
Sandhills of Nebraska, near Stapleton.
These cattle remained near Stapleton
until September 8, 1997 when they
range is primarily warm-season pasture
dominated by little bluestem, prairie
sandreed, sand bluestem, blue gramma
and switch grass. However, early spring
growth does favor some cool-season
grasses, such as downy brome and needle
and thread, providing steers with both
cool- and warm-season grasses in the
same location. The SR treatment group
was stocked at 8.5 acre/head. All steers
on pastures were allowed ad-libitum
access to trace mineralized salt blocks
throughout summer grazing.
Finishing period
Upon removal from pastures, all
steers were implanted with Revalor®-S
(eight head/pen). Steers were adapted to

12th rib had been reached. Final weights
were calculated using hot carcass weight
and a common dressing percentage (62).
Hot carcass weights and liver abscess
scores were obtained at slaughter and
fat thickness over the 12th rib, quality
grades and yield grades were gathered
following a 48-hour chill. Costs and
slaughter breakevens were calculated to
determine the economic impact of each
grazing system (Table 2).
average of two consecutive day weights
following three days of limit feeding of a
common diet containing both grass and
alfalfa hay and wet corn gluten feed at
2 percent of body weight.
Results
Winter period
Cattle were on cornstalks for a total
of 78 days and were then moved into
a drylot and received grass hay for an
additional 85 days. Over the entire 163
day wintering period, steers gained .22

devoid of downed corn.
Summer period
Steers on the BROME treatment
gained faster (P < .05; Table 1) on grass
compared to steers on either the BW
or SR treatments. Increased ADG was
expected, as most steers were on pasture
for less than 45 days when the bromegrass should have been the highest quality and quantity in the summer period.
However, total gain on summer forage
was lowest (P < .05; Table 1) for steers
on the BROME treatment, due to fewer
days, on average, on pasture. Recently,
systems research was compiled at the
University of Nebraska (Nebraska Beef
Cattle Report, MP 69 pp. 66-69). In each
season grass treatment was included.
Because all cattle in the summary and
cattle in the present trial were managed

Table 1. Steer performance and carcass data.
Item
Winter
Days
ADG, lb
Final weight, lb

BROME
163

BW
163

.22

SAND
163

.23

.20

578

577

576

Summer
Days
ADG, lb
Total gain
Final weight, lb

55a
2.34b
118b
723b

131
1.92c
212c
830c

124
2.01c
198c
826c

Finishing
Days
ADG, lb
DMI, lb/d
Feed/gaind
Final weight, lbg

133a
3.83b
25.9b
5.90e
1227

99
4.33c
27.4c
6.35ef
1237

106
4.06bc
28.4c
6.97f
1236

2.5i
.46
19.3

2.5i
.47
19.3

four step-up diets containing 45, 35, 25
and 15 percent roughage fed for three,
four, seven and seven days, respectively.

Carcass Data
Yield grade
Fat thickness, in
Quality gradej

formulated to contain a minimum of 12
percent CP, .7 percent Ca, .35 percent
P, .6 percent K, 30 g\ton monensin and
10 mg\kg tylosin (DM basis). Steers
were slaughtered when it was visually
estimated that .45 inches of fat over the

aAverage
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lb/day. Gains were lower than might
normally be expected due to poor winter

2.8h
.51
19.2

values.
within row with unlike superscripts differ (P < .05).
dFeed/gain was analyzed as gain/feed. Gain/feed is the reciprocal of feed/gain.
efMeans within row with unlike superscripts differ (P < .05).
gCalculated from hot carcass weight adjusted to a common dressing percentage (62).
hiMeans within row with unlike superscripts differ (P < .05).
jAverage Choice = 20, low Choice = 19, high Select = 18.
bcMeans

similarly, comparisons of data from the
two trials will be made. Steers grazing
bromegrass followed by warm-season
grass gained 1.81 lb/day following .68
lb/day of winter gain. Steers in 1997
gained 1.92 lb/day following .22 lb/day
of winter gain. Continuous grazing of
produced gains of 1.59 lb/d. The BROME
steers gained 2.34 lb/day which is .7
lb/day greater than would be expected
from continuous bromegrass grazing.
However, the dry conditions in 1997
would not have provided the 1.59 lb/day
gain at the stocking rate of 112 animal
days/acre. The fact that steers on the BW
treatment maintained 1.92 lb/day gain
during the hot and dry summer indicates
the warm-season grass was able to carry
steers as planned despite little rainfall.
Additionally, gains in the present trial
for the bromegrass/warm-season grass
treatment were numerically greater (1.92
vs. 1.8 lb/day) than those reported in
reason for the increased gain is the hot

and dry conditions may have resulted in
higher quality (more digestible) forage
compared to what might normally be
expected with more ‘average’ summer
conditions. Compared to the BROME
treatment, the bromegrass/warm-season
grass system appeared to have an advantage in carrying capacity, given the
unfavorable environmental conditions.
Grazing either SR or BW improved
off-grass weights by about 100 lb (P <
.05) compared to steers on the BROME
treatment. The added weight would be
expected from days on pasture.
Overall, the BW treatment was the
most economical, resulting in the lowest
slaughter breakeven (P < .05; Table 2).
Lower breakeven price for BW steers
compared to SR resulted from no summer trucking costs, fewer days on feed
and a numerically better feed conversion in the feedlot. Breakevens for the
for continuous grazing of bromegrass
and bromegrass/warm-season grass,

Table 2. Total system economics of steers grazing different forage systems.
Item

respectively. In 1997, the BW cattle
age. Breakevens for the BROME and
SR treatments (Table 2) were not better
ous bromegrass. Despite trucking costs
associated with the SR treatment, it
was as economical as the BROME,
probably due to increased forage gain.
As previously mentioned, all systems
grazing costs. However, based on the fact
that stocking rates in BROME pastures
were lighter than planned, this would
actually increase grazing costs to about
ing costs discussed here are important
because many producers rent pastures by
the acre for an entire summer. If pastures
are unable to support the planned number of animals, grazing costs are either
increased because more pasture is needed
or animal performance will be reduced
on those pastures, resulting in less total
pounds of weight produced.
Finishing period

BROME

BW

SAND

433.60
42.49
25.00

432.00
45.58
25.00

435.20
45.92
25.00

Differences were noted (P < .05)
among treatments in terms of ADG, dry

Feedd
Supplemente
Yardagef

43.36
9.36
16.30

43.36
9.36
16.30

43.36
9.36
16.30

Grazingg

34.00

65.50

69.71

the BROME cattle were different from
both BW and SR treatments (Table 1).
Because the BROME steers were lighter,
on average, going into the feedlot, it
follows they would gain less, eat less

Yardageh
Feedij

40.20
192.59

29.70
149.25

31.80
165.50

849.40
1227
69.25n

828.54
1237
67.01o

854.92
1236
69.20n

a

Interestb
Healthc

k

Final weight, lbl
aInitial

m

weight
rate = 9%.

and carry more fat at slaughter due to
more total days on feed. No differences
were noted in feedlot results or carcass
characteristics between steers on the BW
or SR treatments.

bInterest
c

d
e
f
g
h
i
j
kTotal

cost includes 2 percent death loss for each system.
from hot carcass weight adjusted to a common dressing percentage (62).
mSlaughter breakeven price.
noMeans within row with unlike superscripts differ (P < .10).
lCalculated

1D. J. Jordon, research technician; Galen
Erickson, research technician; Terry Klopfenstein,
professor, Animal Science, Lincoln; Don Adams,
professor, West Central Research and Extension
Center, North Platte; Todd Milton, assistant professor; Rob Cooper, research technician, Animal
Science, Lincoln.
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Calf Performance Grazing Crop Residues in
Combination with Rye in Fall and Winter
D. J. Jordon
Mark Blackford
Terry Klopfenstein
Todd Milton
Rob Cooper1
Calves grazing rye in combination with crop residues tended to
gain more weight in winter; however, animals grazing crop residues
alone completely compensated by

Summary
1997-98 evaluated calf performance
when grazing either rye with crop residues or crop residues alone. While not
by corn residues tended to gain faster
compared to calves grazing residues
alone (2.26 versus 1.84 lb/d, respectively). Calves grazing corn residues
only fully compensated for the weight
difference at the end of winter grazing
by slaughter. No differences were found
and milo or milo residue alone. Steers
grazing rye/milo gained faster (P < .05).
Using rye to supplement animals on milo
residues resulted in steers not leaving
Introduction
Crop residues are an important
resource for many cattle producers.
Milo and corn are typically harvested
in the early fall, coinciding to a time
when pasture resources become limiting.
Many producers place cows and/or
weaned calves on residues as soon as they
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become available. However, residues are
characterized as being low to moderate
in digestibility (50-65 percent) and low
in crude protein (5-6 percent). Therefore,
animals grazing crop residues require
some protein source to aid in forage
digestion, and in the case of younger animals, support growth. Typically, protein
supplementation has been accomplished
by delivering a mixed supplement to
rye, which are planted in late summer or
early fall have potential to reduce winter
erosion and may provide some grazing
opportunities for beef cattle. Growth
characteristics of rye include limited
fall growth (.25 ton/acre), followed by
excellent spring forage yields (1.9- 2.2
ton/acre). However, if fall rye is used
as the protein supplement rather than a
primary forage source, it may provide
an economical alternative to delivering
a more expensive and labor intensive
mixed supplement.
Two trials were conducted in the
fall-winter of 1997 to compare the
performance of calves grazing crop
residues with rye and calves grazing
crop residues alone.
Procedure

From November 15, 1997 through
January 2, 1998, 362 exotic cross steer
and heifer calves grazed rye followed by
cornstalks or cornstalks alone. Calves
were received and weaned for a period
of 30 days. Upon arrival, animals were
processed and given a Synovex® H or
S implant. Following weaning, animals
were weighed and sorted randomly to
form two equal groups, each consisting
of 87 steers and 94 heifers. One group
of steers and one group of heifers were

placed on rye for 15 days, at which time
The second groups of steers and heifers
Rye was planted in wheat stubble in midto late August. While grazing rye, calves
were allowed ad-libitum access to trace
mineralized salt blocks. While grazing
cornstalks, all calves were supplemented
with 5 pounds (DM basis) of wet corn
gluten feed and a range mineral mixture
consisting of limestone, salt and trace
minerals. Following removal from
stalks, calves were placed into a feedlot
diets. After 90 days on feed, heifers were
implanted with Finiplex®, and steers
with Revalor®.
Animal performance was measured
in terms of ADG. Calves were weighed
once before going to winter treatments,
again following removal from cornstalks
and for the last time when unloaded at
the packing house.

From December 3, 1997 through
March 2, 1998, 108 steers were used
in a completely randomized design to
evaluate rye grazed with milo or milo
alone. Steers were assigned randomly to
either rye with milo stalks or milo stalks
alone. As in Trial 1, rye was established
in wheat stubble in mid- to late August.
Stocking rate was one animal/acre and
was based on the acreage contained in
was not considered because rye was
used as the protein supplement for the
rye/milo treatment. Steers grazing only
milo stalks were supplemented with
1.5 lb/hd/d (as-is) of a 44 percent CP
supplement (DM basis).
Animal performance was measured

Table 1. Performance of calves grazing rye
and cornstalks or cornstalks alone.
Item

Rye/Cornstalks

Cornstalks

Grazing
Days
Initial wt., lb
ADG, lb
Final wt., lb

60a,b
619
2.26
754

60a
624
1.84
734

Finishing
Days
Initial wt., lb
ADG, lb
DMI, lb/d
F/Gc
Final wt., lb

136
754
2.78
21.2
7.67
1131

137
734
3.01
21.4
7.17
1144

aDays

included 47 days grazing and 13 days in

b

on cornstalks.
cFeed/gain analyzed as gain/feed. Gain/feed is the
reciprocal of feed/gain.

weights were the average of two consecutive day weights following three
days of limit feeding at 2 percent of
body weight. Steers were removed from

calves grazing cornstalks alone over the
winter did have a numerically higher
lighter following winter treatments,
indicating compensatory gain occurred
in the feedlot. Animals which had grazed
cornstalks over the winter had a lower
slaughter breakeven (Table 2), but the
tor in the higher breakeven for calves
grazing rye in the winter was the cost
establishing rye. While calves grazing
rye did gain slightly more weight over
the winter period, rye was grazed for
only 15 days. In addition, at the same
time calves were grazing rye, calves
grazing only corn residues were being
supplemented with a relatively cheap
Table 2. Economics of calves grazing rye and
cornstalks or cornstalks alone.
Item

Rye/Cornstalks

Cornstalks

Interestb
Healthc

482.39
23.31
25.00

486.54
23.57
25.00

Feedd,e
Yardagef
Interestb

34.83
11.80
0.36

29.79
13.30
0.33

Feedg,e
Yardagef
Interestb

197.09
40.80
3.99

199.89
40.95
4.05

6.75

6.80

1131
73.14

1144
72.70

a

quantity of forage became limiting in
milo residue.
Results

Calf performance on winter treatments was similar (Table 1). No difweight off cornstalks. The rye pasture
was able to support calves for 15 days,
and performance of animals grazing
rye followed by cornstalks tended to
be greater compared to calves grazing
only cornstalks. Again in the feedlot
in performance (Table 1). However, it
does appear calves grazing cornstalks
did compensate for the slightly reduced
performance in the winter period. Although no differences were found in

h

Final weight, lb

i

aInitial weight

lb for heifers.
bInterest rate = 9%.
cHealth costs include processing, medication,
etc.
d

energy source (compared to corn) in
the form of wet corn gluten feed. In the
feedlot, calves which had grazed only
corn residues completely compensated
for less total weight gain over the winter
period, resulting in a lower breakeven.

Steers grazing rye and milo residues
gained faster (P < .05) compared to steers
grazing only milo (1.61 vs 0.48 lb/d,
respectively). Observation of grazing
steers indicated steers on the rye/milo
grazing the milo residue. Steers were
forced into the milo residue on three or
four occasions, but would immediately
was intended that rye would serve as
the protein supplement for that group
of animals. Rye is high in CP, much of
which is in the form of degradable intake
protein. Calves grazing milo alone were
provided a supplement which contained
44% CP and was formulated to be high
in degradable intake protein (70-80
percent). However, as mentioned, steers
on the rye/milo treatment spent most of
their time in the rye. Therefore, much
of the gain by steers on the rye/milo
treatment was accomplished on the rye
alone. When steers were removed from
mained for the rye/milo steers; however,
animals were removed due to complete
utilization of the milo residue by steers
grazing only milo. While the rye/milo
treatment did carry steers through the
winter and produce excellent gains
compared to milo residue alone, steers
failed to utilize both the rye and milo as
was intended.

basis).
e

1D.

f
g
hIncludes

1% death loss.
breakeven price.

iSlaughter

J. Jordon, research technician; Mark
Blackford, graduate student; Terry Klopfenstein,
professor, Todd Milton, assistant professor; Rob
Cooper, research technician, Animal Science,
Lincoln.
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Predicting Amount of Compensatory Gain
Terry Klopfenstein
D. J. Jordon
Ivan Rush
Todd Milton1
Compensatory gain is variable,
by intake of NEg above maintenance
and may be reduced by longer restrictions.
Summary
In North American beef production
systems, the entire spectrum of restriction
compensatory gain is complex and not
well understood, but critically important to the economics of cattle feeding.
Several compensatory gain studies from
the University of Nebraska have been
observed with cattle grazing seasonlong is 19-88 percent with a mean of
53 percent. From these grazing studies,
days of restriction appear to be related to
percentage compensation. In the feedlot,
even relatively short restrictions trigger
ciency response to compensatory gain is
Introduction
entering the feedlot usually experience
some degree of compensatory gain.
How well cattle perform, and how well
performance can be predicted, are critically important to the economics of cattle
feeding. Compensatory gain is complex
and not well understood. Our article is a
summary of recent compensatory gain
research conducted at University of
Nebraska locations.

Compensatory Gain on Grass
In the mid-1980’s, a two-year study
on compensatory gain was conducted,
with objectives to establish three levels
of gain over the winter on crop residues
and measure steer gains the following
summer on grass. The cattle made 88
percent compensation (Table 1). Cattle
restricted more in the winter made up
88 percent of the gain they did not make
relative to the higher gaining winter
calves. All calves were restricted to
some degree. Five years of research from
the Panhandle Research and Extension
Center at Scottsbluff involved calves
fed for two rates of winter gain. Slow
gaining calves grazed cornstalks and fast
gaining calves were limit-fed a high-energy diet. Calves then grazed (summer)
for two or four months. Calves grazing
season long (four months) made 56.5
percent compensation (Table 2), while
those grazing only two months made
41.5 percent compensation (Table 3).
During the last two years of the study,
British breed steers were compared to
Continental cross steers. Compensation
was similar (53.9 and 52.8 percent; Table
4), suggesting frame size does not affect
degree of compensation.
Over the past two years, three additional trials have been completed. Wet
corn gluten feed was used as the supplement on cornstalks to increase winter
gain. Wet corn gluten feed as a supplement is of interest because of cost and

Winter gaina (lb/d)
Item

.62

.84

1.10

Grass gain, lb/db
1.41
Compensation, % 88
7.3
Feed/gainc

1.23
88
7.09

1.03
—
7.09

a40 calves/treatment, 2 years, 106 days, 1989
Nebraska Beef Cattle Report, pp 34-35.
b116 days.
c112 days.

Table 2. Rate of winter gain and compensation
on grass and in the feedlot.
Winter gaina (lb/d)
Item
Grass gain, lb/db
Compensation, %c
Feed/gaind

.68

1.75

1.96
56.5
6.63

1.27
—
7.11

a200

calves/treatment, 5 years, 137 days, 1996
Nebraska Beef Cattle Report pp 51-53 and 1997
Nebraska Beef Cattle Report pp 52-55.
b120 days.
cDifference in total pounds of summer gain divided
by difference in total pounds of winter gain.
d123 days.

Table 3. Rate of winter gain and compensation
on grass and in the feedlot.
Winter gaina (lb/d)
Item
Grass gain, lb/db
Compensation, %
Feed/gainc

.67

1.75

2.46
41.5
6.41

1.47
—
7.05

a200 calves/treatment, 5 years, 137 days (see Table
2 for references).
b62 days.
c130 days.

Table 4. Winter gain
Britisha

Item
Winter gain: lb/dc
Summer
Grass gain lb/dd
Compensation, %
Finishing
Feed/gaine
a56

Continental×b

.60

1.66

.55

1.49

1.87
53.9

1.18
—

2.03
52.8

1.43
—

6.23

6.59

6.27

6.66

hd/treatment, 1997 Nebraska Beef Cattle Report pp 52-55..
hd/treatment.
c145 days.
d120 days.
e118 days.
b36
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Table 1. Rate of winter gain and compensation
on grass and in the feedlot.

Item

Sandhills range

Winter gain

lb/da:

.70

Summer
Grass gain, lb/db
Compensation, %
OM Intake, % BW
Finishing
Days
ADG, lb/d
DMI, lb/d
Feed/gain
Final weight, lb

1.67

1.92c
19.9
2.53
99
4.17c
28.8c
6.91c
1262cd

1.66d
—
2.14
71
4.57cd
31.3cd
6.84c
1309cd

Bromegrass pasture
.68

1.68

.73e
18.7
2.32

.48f
—
1.82

124
4.48c
28.6c
6.40d
1249c

99
5.03d
31.7d
6.31d
1323d

a20

hd/treatment, 163 days, 1998 Nebraska Beef Cattle Report pp 63-65.
days.
c,d,e,fMeans with unlike superscripts within a row differ (P<.05).
b123

Item

Sandhills range

Winter gain

lb/da:

.20

Summer
Grass gain, lb/db
Compensation, %
Finishing
Days
ADG, lb/d
DMI, lb/d
Feed/gain
Final weight, lb

1.50

2.01c
49.5
99
4.06
28.4
6.97
1236c

1.16d
—
99
4.42
29.7
6.73
1375d

Bromegrass pasture
.18

1.53

1.91c
53.9
99
4.37
28.1
6.43
1259c

1.14d
—
99
4.40
29.6
6.73
1371d

a16

hd/treatment, 163 days.
days.
c,dMeans with unlike superscripts within a row differ (P<.05).
b124

Table 7. Rate of winter gain and compensation
on grass and in the feedlot.
Winter gain, lb/da
Item
Grass gain, lb/db
Compensation, %
Feed/gainc

.22

1.52

1.92
45.0
6.56

1.18
—
6.58

weight. Therefore, data are presented by
year (Tables 5 and 6). Yearly variations
in grass quality and quantity are believed
to be responsible for both interactions.
Quality of bromegrass in year one was
below average due to abundant rainfall
and early season growth. Cattle were unable to consume the forage and it quickly
matured. Gains in year two were closer
to what is typically observed when cattle
graze full season bromegrass. Differ-

a60

hd/treatment, 161 days.
days.
c99 days.
b132

Grazing:
Item

Winter lb/d:

Grass gain, lb/day
Compensation, %
Feed/gain

nutrients it contains. In 1996 and 1997,
two similar trials were conducted where
yearlings grazed bromegrass or Sandhills
range. Year-by-treatment interactions

53 days

130 days

.22

1.52

.22

1.52

2.26
19.5
6.80

1.49
—
6.64

1.84
46.9
6.42

1.09
—
6.72

ences in weight gains over the summer
period were carried through the feedlot
period, resulting in the interaction with
gains at each location were markedly
different in year one, compensation
was similar across the Sandhills and
bromegrass locations (19.9 and 18.7
percent; Table 5). In year two, gains
and compensation were similar across
locations (49.5 and 53.9 percent; Table
6); however, compensation was greater
compared to year one. Why degree of
compensation differed between years is
unclear, as cattle were managed similarly
through the winter period both years.
However, slow gaining cattle in year
one gained more weight compared to
slow gaining cattle in year two, which
may have affected compensation. The
differences in winter gains were due to
differences in corn residue quality. Additionally, there were obvious differences
in forage quality and quantity within
location across the two years. Degrees
of compensation from these trials are
certainly different from those of trials
conducted in the 1980’s. In a third trial
in 1997, yearlings grazed bromegrass,
warm-season grass or Sandhills range.
Compensation was 45 percent (Table
7). Some cattle were removed from
bromegrass after 53 days. Cattle removed
early made 19.5 percent compensation
compared to 46.9 percent for animals
grazing 130 days (Table 8).
The range in compensation for season-long grazing was 19 percent to 88
percent with a mean of 53 percent. Still,
the question remains about what factors
might include days of restriction, rate of
gain of faster gaining cattle, rate of gain
of slower gaining cattle and degree of
restriction. Number of days of restriction
appears to be the only variable related
to percentage compensation (88 percent,
106 days; 57.6 percent, 137 days; 45
percent, 161 days; 19.9 percent; 163
days).
Based on these data, some generalizations may be drawn:
1) Compensatory gain on grass
dict.
(Continued on next page)
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2) Longer restriction may reduce
compensatory gain.
3) Full season grazing gives 50
to 60 percent compensation on
average.
4) Most of the compensation on
grass can be explained by intake of NEg above maintenance
(Table 5).
5) Partial season grazing reduces
percentage of compensation.

(7.33 versus 6.19). As a broad generalization, the heavier cattle are entering the
feedlot, the lower the feed conversions.
This extreme is shown in Table 10. In
this case similar cattle entered the feedlot
in September or November. November
cattle gained well in the fall and entered
the feedlot 150 pounds heavier. Their
feed conversions were poorer than
cattle that entered in September (8.20
versus 6.73). Most would agree with this
generalization: heavier cattle entering

Compensatory Gain in the Feedlot
Predicting compensatory gain in
predicting it on grass. In fact, gain is
probably less important than feed conversions; therefore, feed conversion will be
used as the criterion for evaluating compensation in the feedlot in this paper.
was compiled. Yearlings entered the
100 pounds heavier (Table 9). It is estimated they would have been 200 pounds
heavier at equal fatness. Yearlings ate
more feed and gained faster than calves
which would be characteristics of cattle
exhibiting compensatory gain. However,

Table 9. Finishing performance for calves
versus yearlingsa.
Item

Calf

Yearling

Initial weight, lb
Final weight, lb
Days on feed
Feed intake, lb/d
% of weight
Daily gain, lb
Feed/gain
Backfat, inches
Choice, %

537
1103
207
17.4
2.1
2.78
6.19
.48
76.0

821
1199 (1305)b
108 (139) b
24.9
2.5
3.39
7.33
.38
64.9

a5

years, 489 head, 48 pens, 1991 Nebraska Beef
Cattle Report pp 42-43.
bAdjusted to .48 inches fat.
ing performance.
Entry to feedlot
Item
Summer gain, lb/day
Fall gain, lb/day
Feedlot wt., lb
Intake, lb/day
Gain, lb/day
Feed/gain

September

November

1.84
—
840
30.8
4.58
6.73

1.55
2.44
987
31.0
3.78
8.20
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lighter cattle with comparable genetic
potential.
The problem is predicting the response
to previous rates of gain. With the yearlings in the 1980’s, cattle made 88 percent
compensation on grass and entered the
feedlot at essentially equal weights. Feed
conversions were similar, even though
previous rates of gain differed (Table 1).
On the other extreme, the cattle in 1996
made only 19 percent compensation on
grass and entered the feedlot 130 pounds
different in weight, but still had similar
feed conversions (Table 3). Interestingly,
cattle on bromegrass pasture gained
much less than those on range and had
better feed conversions. Steers wintered
at 1.68 lb/day and grazed on bromegrass
entered the feedlot at about the same
weight (830 pounds) as those wintered
at .7 lb/day and grazed on range (846
pounds). However, bromegrass grazed
steers had better feed conversions (6.31
versus 6.91).
Cattle on experiments at Scottsbluff
made 57.6 percent compensation during
the summer (Table 2) and had differences
in feed conversion. In this case, cattle
gaining faster during the summer were
cattle gaining faster in the summer were
lighter entering the feedlot because their
compensation from lower winter gains
was only 57.6 percent.
Two experiments have been conducted where cattle were restricted and
placed directly into the feedlot without
experiment (1985 Nebraska Beef Cattle
Report, pp 20-24), calves were wintered
137 days on crop residues and placed
on grass or into the feedlot. They were
compared to calf-feds. As discussed pre-

in the feedlot. However, calves placed in
the feedlot after restriction had similar
faster and ate more feed, but conversions
were similar.
In the second experiment (1992
Nebraska Beef Cattle Report, pp 31-34),
calves were placed on cornstalks for 74
days before entering the feedlot. Calves
grazed at two stocking densities that gave
two rates of gain (.45 and .64 lb/d), and
as calf-feds. Restricted calves ate more
feed and gained more rapidly, but were
These two experiments, although not
completely consistent, give some insight
into relatively short restrictions before
entering the feedlot. Compensatory gain
consume more feed but are not more
restriction.
Following are some generalizations
about compensatory gain in the feedlot.
compensatory gain is variable
2) Even relatively short restrictions
produce compensatory gain. This
and gain but not increased ef3) Yearlings gain more, eat more
feds.
4) As a broad generalization, the
heavier cattle are entering the
feedlot, the lower their feed efexceptions to this generalization.
5) Rapid gain on grass prior to
entering the feedlot does not
necessarily reduce feed efficiency and often increases it.
of extra winter gain produced 71

1Terry Klopfenstein, professor; D. J. Jordon,
research technician, Animal Science, Lincoln;
Ivan Rush, professor, Animal Science, Panhandle
Research and Extension Center, Scottsbluff; Todd
Milton, assistant professor, Animal Science,
Lincoln.

Corn Bran, Solvent-Extracted Germ Meal, and
Steep Liquor Blends for Finishing Yearlings
Daniel Herold
Rob Cooper
Terry Klopfenstein
Todd Milton
Rick Stock1
Cattle respond differently as the
ratio of corn bran or corn bran with
solvent-extracted germ meal to steep
liquor/distillers solubles is changed

Summary
Finishing performance of yearling
steers was used to assess eight treatments
containing corn wet milling byproducts.
Interactions were encountered for dry
matter intake, average daily gain and
liquor/distillers solubles increased and
corn bran and(or) corn bran with solvent-extracted germ meal decreased.
increased as steep liquor/distillers
solubles replaced corn bran or a combination of corn bran and solvent-extracted
germ meal. Steep liquor with distillers
solubles had higher feeding value than
corn bran or solvent-extracted germ
meal and solvent-extracted germ meal
had 19.9 percent higher energy than
corn bran.

Introduction

Procedure

Corn wet milling allows for separation
of corn grain into several components.
Products of wet milling are further re-

Medium framed yearling steers
(n=280, 782 lb) were fed for an average
of 116 days to assess performance associated with either four blends of corn
bran (BRAN) and steep liquor/distillers solubles (STEEP) or four blends of
BRAN, STEEP and solvent-extracted

starch, oil from corn germ and gluten
meal from corn protein. Whereas these
products are destined to be marketed
outside the cattle industry, corn bran,
solvent-extracted germ meal, steep liquor
and distillers solubles are byproducts of
corn wet milling and are typically combined to produce corn gluten feed.
ishing diets with wet milling byproducts
can enhance feed intake, average daily

of byproducts to corn dry matter. Furthermore, individual byproducts may interact
when blended, depending on the level of
dietary inclusion, affecting intake, gain
and feed handling characteristics (1998
Nebraska Beef Report, pp. 50-53). The
objective of this experiment was to determine the effects of various blends of
corn bran, solvent-extracted germ meal
and steep liquor with distillers solubles

was initiated in mid-September when
yearlings entered the feedlot following
summer grazing. Steers were blocked
by weight into one of four blocks and
assigned randomly to treatment. Three
blocks contained nine steers per pen,
one block eight steers, for a total of 35
animals per treatment. Byproduct blends
comprised 30 percent of dietary dry matter in each of the following eight treatments: 1) 24 percent BRAN, 6 percent
STEEP; 2) 21 percent BRAN, 9 percent
STEEP; 3) 18 percent BRAN, 12 percent
STEEP; 4) 15 percent BRAN, 15 percent
STEEP; 5) 12 percent BRAN, 12 percent
GERM, 6 percent STEEP; 6) 10.5 percent
BRAN, 10.5 percent GERM, 9 percent
STEEP; 7) 9 percent BRAN, 9 percent
GERM, 12 percent STEEP; and 8) 7.5
percent BRAN, 7.5 percent GERM, 15
percent STEEP (Table 1).
(Continued on next page)

Treatment
STEEP : BRAN ratio

STEEP : BRAN : GERM ratio

Item

6:24

9:21

12:18

15:15

6:12:12

9:10.5:10.5

12:9:9

15:7.5:7.5

High-moisture corn
Dry-rolled corn
Alfalfa hay
Steep liquora
Corn bran
Germ meal
Molasses
Supplementb

32.5
22.0
7.5
6.0
24.0
—
3.0
5.0

32.5
22.0
7.5
9.0
21.0
—
3.0
5.0

32.5
22.0
7.5
12.0
18.0
—
3.0
5.0

32.5
22.0
7.5
15.0
15.0
—
3.0
5.0

32.5
22.0
7.5
6.0
12.0
12.0
3.0
5.0

32.5
22.0
7.5
9.0
10.5
10.5
3.0
5.0

32.5
22.0
7.5
12.0
9.0
9.0
3.0
5.0

32.5
22.0
7.5
15.0
7.5
7.5
3.0
5.0

aSteep

liquor blended with distillers solubles
D and E premix, minerals, Rumensin-80, and Tylan.

bContains Vitamin A,
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Finishing diets were formulated to
contain a minimum of 12.5 percent CP,
.7 percent Ca, .35 percent P and .7 percent K. Adaptation to high concentrate
diets was accomplished over 21 days
using diets containing 45, 35, 25 and 15
percent alfalfa hay (DM basis) and were
fed for three, four, seven and seven days,
respectively. Byproduct blends were
maintained at 30 percent of dietary dry
matter throughout the adaptation process. High-moisture corn and dry-rolled
corn replaced alfalfa hay as steers were
adapted to the 92.5 percent concentrate
Rumensin and 10 g/ton Tylan.
Before obtaining initial weights on
two consecutive days, yearlings were
fed a common 50 percent roughage
diet at 2.0 percent of body weight for
Synovex®

PlusTM

on day one, and fed
once daily throughout the trial. Fat depth,
quality grade and yield grade data were
collected following a 24-hour chill. Hot
carcass weight was divided by a common
live weights.
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Figure 1. BRAN and BRAN/GERM by STEEP level interaction for dry matter intake.

4.9
4.8
4.7
4.6
4.5
4.4

Results
An interaction (P<.05) occurred for
dry matter intake, ADG and feed to
gain when STEEP replaced BRAN or
BRAN/GERM. Dry matter intake exhibited a quadratic (P=.06) response when
STEEP replaced BRAN and a linear
response when STEEP replaced BRAN/
GERM (P=.05) (Figure 1). Within the
BRAN treatments, dry matter intake
increased from 6 to 12 percent STEEP,
but decreased at the 15 percent STEEP
level. In the BRAN/GERM diets, dry
matter intake was greatest at the ratio
of 15 percent BRAN and GERM to 15
percent STEEP, but was similar for other
treatments.
A linear increase (P<.01) in ADG was
demonstrated within the BRAN/GERM
treatments as STEEP increased in the
diet from 6 to 15 percent. (Figure 2).
This treatment also exhibited a quadratic
response (P =.03) for ADG due to the
mean for 12 percent STEEP. Although
the gain exhibited for this STEEP level
appears lower than others within this
three-way combination, it is unreason1999 Nebraska Beef Report — Page 30
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Figure 2. BRAN and BRAN/GERM by STEEP level interaction for average daily gain.
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actual means, whereas lines represent estimates obtained through linear regression.

Table 2. Performance data and carcass characteristics for yearling steers.
Treatment
STEEP : BRAN ratio
Item
DM intake, lb/dayab
Daily gain, lbac
Feed to gainad
Hot carcass wt,lba
Fat depth, in.
Quality gradee
Yield grade

STEEP : BRAN : GERM ratio

6:24

9:21

12:18

15:15

6:12:12

9:10.5:10.5

12:9:9

15:7.5:7.5

28.4
4.35
6.54
797
.53
18.6
2.6

28.7
4.61
6.22
816
.56
18.8
2.7

28.9
4.68
6.18
819
.53
18.9
2.8

27.7
4.47
6.20
807
.50
19.0
2.8

27.2
4.30
6.33
789
.49
18.9
2.4

27.3
4.45
6.13
801
.46
18.7
2.6

27.4
4.31
6.36
796
.51
19.3
2.6

28.2
4.84
5.83
829
.54
18.9
2.7

aCorn

bran and corn bran with solvent-extracted germ meal by steep liquor level interaction (P<.05).
bran, quadratic (P=.06); corn bran with solvent-extracted germ meal, linear (P=.05).
cCorn bran, quadratic (P=.01); corn bran with solvent-extracted germ meal, linear (P<.01).
dCorn bran, linear (P<.05); corn bran with solvent-extracted germ meal, linear (P<.05).
eHigh Select = 18, low Choice = 19.
bCorn

able to conclude this depression is nutritionally based. We believe this mean was
of the yearlings, causing the noticeable
departure from the linear nature of the
response. Within the BRAN treatments,
a quadratic response was observed for
ADG (P=.01) with diets containing 9
and 12 percent STEEP exhibiting the
highest daily gains.
A linear decrease (P<.05) in feed
to gain was noted when BRAN or
BRAN/GERM was replaced by STEEP.
Within the BRAN/GERM treatments, the
increased feed to gain associated with
the 18 percent BRAN/GERM and 12
percent STEEP level (Table 2) is likely
a function of the ADG for this treatment.
A direct comparison of means for feed to
gain between BRAN and BRAN/GERM
treatments was not possible due to the
regression analysis plotting feed ef3) illustrated combining BRAN with
to BRAN alone.
A BRAN and BRAN/GERM by
STEEP level interaction was observed

the ADG data. Means for fat depth,
quality grade and yield grade did not
indicate a similar interaction, nor did
carcass measures differ due to treatment
(Table 2).
Dry matter intakes with corn bran
energy sources, such as dry-rolled corn,
are used (1998 Nebraska Beef Report,
pp. 50-53). Cattle consuming corn bran
are less prone to experience subacute
fermentation compared with starch fermentation, whereas the high digestibility
of corn bran allows for favorable gains.
However, corn bran is lower in energy
than corn, which may result in lower
Results from this trial showed as
BRAN replaced dietary STEEP, intakes
generally increased and feed conversion
was exhibited for the BRAN/GERM
combinations, although intake increased
as the BRAN/GERM blend was replaced

in both the BRAN and BRAN/GERM
treatments. Based on the regression
analysis, STEEP had 155 percent the
apparent energy value of BRAN and
173 percent the apparent energy value of
BRAN/GERM. It is more likely STEEP
than having an actual energy value this
gests solvent-extracted germ meal may
have a higher energy value than corn
bran. Based on the regression analysis,
BRAN/GERM had 119.9 percent the
energy of BRAN. Altering the ratio of
corn bran and solvent-extracted germ
meal in the production of corn gluten
feed resulted in small changes in animal performance, whereas altering the
level of steep liquor/distillers solubles
had a greater impact on daily gain and

1Daniel Herold, Rob Cooper, research technicians; Terry Klopfenstein, professor; Todd Milton,
assistant professor; Animal Science, Lincoln; Rick
Stock, Cargill Corn Milling, Blair, Nebraska.

when higher STEEP levels were fed
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Corn and Sorghum Distillers Grains
for Finishing Cattle
Ki Fanning
Todd Milton
Terry Klopfenstein
Mark Klemesrud1

distillers grains contain a greater concentration of protein (~30 percent CP)
and other nutrients (P and K) than raw
grains. Improved performance may be

Distillers grains produced from
corn or sorghum grains are similar
in energy concentration. Calculated
NEg value for corn and sorghum distillers grains was 34 percent greater
than for dry-rolled corn.
Summary
diets, 60 crossbred, yearling steers were
grain or sorghum distillers grain for
127 days. Distillers grains were fed
at 30 percent of the dietary dry matter, replacing dry-rolled corn. Distillweight, fat thickness and yield grade
compared with the control. Sorghum
distillers grains increased dry matter
intake and fat thickness compared with
corn distillers grains.
Introduction
Compared with dry-rolled corn alone,
distillers grains are added to the diet. Due
to fat content (10-12 percent) distillers
grains are enegy dense. Additionally
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feeds compared with grains) which
would minimize the drop in ruminal pH,
and reduce the amount and severity of
subacute acidosis.
The ethanol industry produces a
wide range of by-products used in the
beef industry. Differences are due to
the process used to produce ethanol
(wet milling versus dry milling) and
the type of grain used. Although either
corn or grain sorghum can be used in the
dry milling industry, little research has
been done to compare corn and sorghum
distillers grains. Our research objectives

were to determine the energy value of
wet distillers grains produced from the
fermentation of corn or sorghum grains
and to compare production and carcass
characteristics of yearling cattle fed highgrain diets containing corn or sorghum
distillers grains.
Procedure
Sixty crossbred, yearling steers (791
lb) were used in a completely randomized designed experiment to compare
corn (CORN) and sorghum (SORG)
distillers grains as a source of energy
grains were fed at 30 percent of the
dietary dry matter, replacing dry-rolled
corn. Distillers grains were produced at a

Table 1. Ingredient and nutrient composition of diets fed (percent DM basis).
Item
Ingredients
Dry-rolled corn
Corn distillers grains
Sorghum distillers grains
Alfalfa hay
Molasses
Supplementb
Nutrientsc
Crude protein
DIPd
Calcium
Phosphorus
Potassium
Sulfur
aDRC

DRC a

CORNa

SORGa

84.0
—
—
7.5
3.5
5.0

54.0
30.0
—
7.5
3.5
5.0

54.0
—
30.0
7.5
3.5
5.0

13.0
6.9
.70

16.1
8.0
.70

17.2
8.6
.72

.32
.60
.16

.44
.67
.22

.46
.70
.22

= dry-rolled corn (control), CORN = corn distillers grains, SORG = sorghum distillers grains.
provided urea, minerals, vitamins, and Rumensin and Tylan.
cCalculated values (Average Compositions of Feeds Used in Nebraska, NebGuide, 1995).
dDIP = rumen degradable intake protein
bSupplement

Table 2. Effects of diets on steer performance and carcass characteristics with distillers grains.
Diets a
Item

P-Valuesb

DRC

CORN

SORG

SEM

DRC/Dist

CORN/SORG

Performance
No. of steers
Initial weight, lb
Final weight, lbc
DMI, lb/day
DMI, %BW
ADG, lbc
Feed/gaincd
Diet NEge, Mcal/cwt

19
791
1254
23.5
2.33
3.64
6.48
58.2

20
790
1292
22.9
2.23
3.95
5.81
65.2

19
792
1315
25.4
2.39
4.11
5.97
63.0

11.6
18.1
.46
.04
.09
.11
1.02

.03
.71
.52
<.01
<.01
<.01

.37
.02
<.01
.19
.31
.15

Carcasss Characteristics
HCWf, lb.
Dressing percent
Yield grade
Marbling scoreg
Rib eye area, sq in
Fat thickness, in
Choiceh, %

790
64.8
2.32
5.58
12.8
.44
95

814
64.9
2.63
5.44
12.6
.51
70

828
65.4
2.56
5.41
12.8
.57
74

11.4
.39
.07
.37
.26
.02

.03
.50
.07
.37
.82
<.01

.37
.42
.66
.88
.63
.08

aDRC

= dry-rolled corn (control), CORN = corn distillers grains, SORG = sorghum distillers grains.
= Control versus the average of sorghum and corn distillers grains; CORN/SORG = Corn versus sorghum distillers grains. Probabilities indicate
the percentage chance that means are not different.
cFinal weight was determined by dividing hot carcass weight by a common dressing percent (63).
dFeed/gain is the reciprocal of gain/feed.
eDietary NEg calculated using actual DMI and ADG
fHot carcass weight.
gMarbling scores: Small begins at 5.0, Modest at 6.0.
hChi-Square Table, P = .08.
bDRC/Dist

dry milling plant with the solubles added
back to each product. Both CORN and
SORG were produced from 100 percent
corn and grain sorghum, respectively.
ration 1 lb/head/day until steers were
at an ad libitum consumption. Diets
were formulated to contain a minimum
of 6.8 percent DIP, .7 percent Ca, .3
percent P and .6 percent K, as well as
28 g/ton Rumensin and 10 g/ton Tylan
(DM basis). Urea was added to the DRC
supplement to achieve the minimum DIP
requirement. Steers were individually fed
using Calen gates. Steers were implanted
with Revalor S at the beginning of the
feeding period and fed experimental
diets for 127 days. Final weights were
determined by dividing the hot carcass
weight by a common dressing percentage (63). Twelfth rib fat thickness, yield
grade, quality grade, rib eye area, liver
abscess score and marbling score were
recorded at the time of slaughter. Dietary
NEg values were calculated using 1996

NRC equations based on observed DM
intake and ADG. Statistical analysis of
the data was conducted with the General
Linear Model of SAS. Contrasts were
used to compare DRC versus distillers
grains (average of CORN and SORG)
and CORN versus SORG.
Results
Results of performance and carcass
comparisons are presented in Table 2.
Dry matter intake was greater (P < .02)
for steers fed SORG than those consuming CORN. Compared with steers fed
DRC, steers fed CORN or SORG gained
9.8 percent faster (P < .01; 3.64 versus
4.03 lb/day) and were 9.1 percent more
the average. As a result of increased daily
gain, cattle fed CORN or SORG had
(F/G) were similar between CORN and
SORG.Carcass weights were heavier (P
< .05) for steers fed SORG or CORN

compared with those fed DRC. Steers
fed SORG had similar carcass weights
to steers fed CORN. Steers fed SORG or
CORN had greater (P < .01) twelfth rib
fat thickness and higher (P = .07) yield
grades compared with those fed DRC.
Additionally, steers fed SORG had greater (P = .08) twelfth rib fat thickness than
those fed CORN. Dressing percentage,
longissimus muscle area, liver abscess
score, marbling score and the percentage
of carcasses grading USDA Choice were
unaffected by treatment.
Distillers grains produced from
corn or sorghum are similar in energy
concentration. Based on performance,
the calculated NEg value for corn and
sorghum distillers grains was, on average, 34 percent greater than dry-rolled
corn.
1Ki Fanning, graduate student; Todd Milton,
assistant professor; Terry Klopfenstein, professor
Animal Science, Lincoln; Mark Klemesrud, former
research technician.
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Fat Addition and Restricted Feeding of Corn
Gluten Feed Diets For Cattle Exposed to
Environmental Stress
Jill Heemstra
Tony Scott
Terry Mader
John Gaughan1
Diets containing corn gluten feed
appeared to have greater energy
values during the summer than in
the winter.
Summary
One winter and one summer trial
were conducted comparing dry rolled
corn (DRC) to DRC + corn gluten feed
differences among winter study treatment groups were found. In the 106day summer trial, DRC or CGF (40
percent DM)-based diets were fed as
high-energy, 8 percent roughage diets
either ad libitum (HE), restricted to
approximately 90 percent of HE (RE)
or fed as moderate energy, 20 percent
roughage diets (HR). Feeding CGF diets
or lowering metabolizable energy (ME)
intake through RE or HR diet regimes
did not improve feed to gain ratios or
appear to reduce effects of heat load.
However, only a limited number of high
heat load days occurred.
Introduction
Adverse environmental conditions
can negatively affect animal performance, largely through increased maintenance energy requirements. Increasing
the energy intake of feedlot cattle in the
winter may help offset decreased perfordiets increases the energy density of
the diet and has been shown to improve
results have been variable with cornbased diets. Another way to improve
performance of cold-stressed cattle may
1999 Nebraska Beef Report — Page 34

Procedure

be to replace some of the roughage or
Winter trial
and an energy value similar to corn.
During exposure to high heat load,
animals must expend energy to dissipate
heat. Additionally, metabolic heat load
increases as energy intake increases.
Restricting intake to feedlot cattle may
be one way to reduce and manage heat
load. Another strategy may be to decrease the energy density of the diet. A third
strategy may be to formulate diets with
ingredients that lower overall heat
increment or peak metabolic heat load.
Feed ingredients like dried beet pulp and
corn gluten feed (CGF) contain highly

The 76-day feeding trial was conducted as a 2X2+1 factorial arrangement and began on November 30, 1995.
Steers (75 head) were blocked by weight
and randomly assigned within block to
(replicates) per treatment. Diets were
either DRC or DRC plus CGF (35
percent DM) fed with (3 percent) or
without supplemental fat (tallow and
yellow grease blend). The cattle were
fed in minimally-sheltered facilities. An
additional treatment group was fed the
no supplemental fat, CGF diet in pens
provided with shelterbelts located on the
north and west sides. At trial initiation all
cattle were implanted with Synovex-S.
Diets fed in the winter trial are shown
in Table 1.

to reduce diet heat increment. The objectives of this research were to assess the
use of CGF in diets of animals exposed
to hot (summer) and cold (winter) environmental conditions.

Table 1. Composition of diets fed in winter trial.
DRC

CGF

No fat

Fat

No fat

Fat

Ingredient, %DM
Alfalfa hay
Corn gluten feed
Corn silage
Dry rolled corn
Soybean meal
Fat
Cattlyst supplementa
Urea supplementb

6.1
—
6.1
78.8
2.9
—
3.2
2.9

6.1
—
6.1
75.2
3.2
3.0
3.2
3.2

6.0
35.0
—
55.7
—
—
3.2
—

6.1
35.0
—
52.2
—
3.0
3.2
.5

Composition, DM basis
Dry matter, %
Crude protein, %
Ca, %
P, %
Calculated Mcal NEg/lb

77.3
12.2
0.66
0.35
0.646

77.6
12.2
0.66
0.34
0.672

60.8
12.3
0.69
0.39
0.646

61.0
12.3
0.69
0.38
0.672

aCommercial supplement containing, on a DM basis, 22.2% CP, 17.2% Ca, .28% P, 5.0% salt, .56% K,
100,000 IU vitamin A/lb, 40,000 IU vitamin D/lb, 33.3 IU vitamin E/lb, thiamine 111 mg/lb, Cattlyst
356 g/ton, and trace minerals to meet or exceed NRC (1996) requirements.
bCorn-based supplement with urea containing 65% CP.

Table 2. Composition of diets fed in summer trial.
DRC

CGF

HE/RE

HR

HE/RE

HR

Ingredient, %DM
Alfalfa hay
Corn gluten feed
Corn silage
Dry rolled corn
Soybean meal
Limestone
Rumensin supplementa
Urea supplementb
Vitamin/mineral supplementc

8.0
—
—
81.3
3.4
0.9
2.0
3.4
1.0

12.0
—
16.0
62.5
2.9
0.7
2.0
2.9
1.0

8.0
40.0
—
48.2
—
0.8
2.0
—
1.0

12.0
40.0
16.0
28.5
—
0.5
2.0
—
1.0

Composition, DM basis
Dry matter, %
Crude protein, %
Ca, %
P, %
Mcal, ME/lb
Calculated Mcal NEg/lb

87.2
13.2
0.60
0.35
1.40
0.65

67.1
12.9
0.63
0.34
1.34
0.61

60.6
12.9
0.60
0.41
1.35
0.61

49.9
13.1
0.60
0.40
1.29
0.57

aCorn and soybean meal based supplement containing 1333 g/t Rumensin, 400 g/t Tylan, and 460 g/t
thiamine, 30% CP, .18% Ca, .53% P, and 1.26% K, DM basis.
bCorn-based supplement with urea containing 65% CP.
cCorn-based supplement containing 4% CP, 20% salt, 14.2% Ca, 3.9% P, .2% K, 100,000 IU vitamin
A/lb and trace minerals to meet or exceed NRC (1996) requirements.

Summer trial
The 106-day feeding trial was conducted as a 2X3 factorial arrangement
and started on May 29, 1996. One group
of 144 steers was blocked into low,
medium and high weight groups and
randomly assigned within block to one
of six treatments. These cattle were fed
in pens with shade via overhead shelter
at feed bunk. Another group of 96 steers
was blocked into low and high weight

groups and randomly assigned within
block to one of the same six treatments.
These cattle were fed in pens with no
access to shade. There were a total of
cattle were implanted with Revalor-S
at trial initiation. Diets energy sources
were either DRC or DRC plus CGF (40
percent DM; Table 2). Diet treatments
were: 1) high energy 8 percent roughage
diets fed ad libitum (HE); 2) restricted to
approximately 90 percent of HE intake

Table 3. Treatment effects on animal performance and carcass characteristics in the winter trial.
Shelter:

Minimum

Diet:
Fat:
Weight, lb
Initial
35d
Final
Daily gain, lb
DMI, lb
Feed:gain, lb
ME Intake, Mcal
ME Intake:gain
Predicted:calculated NEg
Hot carcass weight, lb
Dressing %
Fat thickness, in
KPH, %
Rib-eye area, ina
Quality gradeb
%Choice or better
Yield gradec
aFat

0
941.7
1059.6
1108.4
2.20
23.11
10.55
32.18
14.69
0.781
687.2
60.68
0.410
3.03
11.71
18.47
73.33
2.27

level effect (P < .10).
= high Select and 19 = low Choice.
cDiet effect (P < .10).
b18

Shelterbelt

DRC

35% CGF
3%

943.2
1055.2
1115.2
2.26
22.99
10.14
32.88
14.51
0.778
691.4
60.85
0.430
3.00
11.52
18.07
46.67
2.40

0
940.5
1083.9
1122.0
2.39
23.81
9.99
33.17
13.92
0.778
695.7
60.36
0.463
2.93
11.85
17.93
53.33
2.53

3%
945.0
1068.0
1130.2
2.44
23.05
9.47
32.98
13.55
0.794
700.7
61.12
0.447
3.00
11.31
18.40
73.33
2.67

0
944.3
1085.2
1149.3
2.70
24.37
9.12
33.95
12.70
0.804
712.6
61.44
0.411
3.00
12.0
18.37
56.67
2.43

(RE); or 3) moderate energy, 20 percent
roughage diets fed ad libitum (HR). The
RE and HR diets were fed for a 43 days
in the mid-portion of the trial only, during
the time of greatest heat load potential.
HE diets were fed to these groups for
and last 37 days.
In the summer trial, visual observations of the level of heat stress
experienced by the cattle were made
between 1600 and 1700 hours each day
the temperature-humidity index (THI)
was above 71. Typically, moderate heat
stress begins at a THI of 74 or above.
Each animal in each pen was assigned
one of four panting scores with 0 = no
panting, 1 = slight, 2 = moderate (noticeable panting and/or salivation) and
3 = severe (open mouth, tongue out).
The percentage of animals in each pen
observed panting (score 1 or greater) and
the percentage experiencing severe heat
load (score 2 or greater) were compared
among treatment groups.
For winter and summer trials, initial
weight was the average of weights
taken on two consecutive days before
hot carcass weight assuming 62 percent
dress. Cattle were fed once daily starting
at 0800 hours.
Statistical analyses for both trials
were done using the GLM procedures of
SAS (1991) with treatment and replicate
included as the independent variables.
Each pen was maintained as the experimental unit. Treatment means were
ences. Orthogonal contrasts were used
to make further comparisons of means
in the winter trial. In the summer trial,
orthogonal and non-orthogonal contrasts
were also performed. For the summer
trial, all heat stress data (percent panting,
percent heat-stressed) were analyzed
by frequency procedure of SAS (1991)
using the Chi-squared option.
Results
Winter trial
The performance and carcass characteristics of each treatment group are
shown in Table 3. Average temperature
(Continued on next page)
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Table 4. Treatment effects on animal performance and carcass characteristics in the summer triala.
Diet:

DRC

CGF

Treatment:

Ad libitum

Restricted

High
roughage

Ad libitum

Restricted

High
roughage

Weight, lb
Initial
27de
84df
Finalef
Daily gain, lbef

851.2
933.4d
1146.6
1212.9
3.41

849.6
939.0cd
1124.4
1190.9
3.22

854.0
934.3cd
1134.0
1197.8
3.24

850.7
960.9b
1156.5
1238.5
3.66

852.0
951.5bc
1141.2
1210.9
3.39

851.7
959.0b
1146.3
1221.2
3.49

DMI, lb
0-26e
27-69, test periodf
70-83
84-106eg
0-106ef
Feed:gain, lbg
ME intake, Mcalf
MEI:gaineg
Predicted:calculated NEge
Hot carcass weight, lbef
Dressing %
Fat thickness, inf,g
KPH, %g
Marblingh
%Choice or better
Yield grade

19.30d
22.86bc
24.81
23.13d
22.32cd
6.49
31.27
9.19
0.874
752.0
61.60
0.374
2.29
489.2
50.0
2.43

20.10bcd
20.23d
24.28
23.75cd
21.53d
6.70
30.17
9.38
0.870
738.3
61.31
0.347
2.26
476.8
42.5
2.30

19.32d
23.83b
25.55
24.73c
23.16bc
7.16
31.89
9.86
0.853
742.6
61.12
0.325
2.22
488.0
45.0
2.35

20.40bc
23.55b
24.99
25.85b
23.43b
6.41
31.57
8.64
0.925
767.9
61.59
0.382
2.49
484.8
52.5
2.45

21.06b
21.78c
24.40
26.18b
22.88bc
6.77
30.82
9.12
0.896
750.8
61.59
0.318
2.36
480.2
47.5
2.23

21.06b
22.84bc
25.35
26.44b
23.49b
6.79
31.10
8.97
0.908
757.1
61.55
0.322
2.38
477.4
47.5
2.28

aAll cattle within diet (DRC and CGF) were fed ad libitum except during days 27 through 69, when the restricted and higher roughage diet regimes were
imposed.
b,c,dMeans within a row having different superscripts differ (P < .10).
eDiet effect (P < .10).
fAd lib versus Restricted (P < .10).
gAd lib versus High roughage (P < .10).
h450 = average Slight and 550 = average Small.

was within .5oF of normal and wind
speed was slightly below normal during the trial period. No differences in
among treatments. Cattle fed additional
fat had smaller ribeye areas than cattle
fed no additional fat, regardless of diet
base. Those fed DRC had lower yield
grade scores than those fed CGF. Cattle
fed the CGF diet without additional fat
in sheltered pens had larger ribeye areas
when contrasted with cattle fed the same
diet in unsheltered pens. There was also
a trend toward higher gains in cattle fed
the CGF diet without additional fat in
sheltered pens when contrasted with
cattle fed the same diet in unsheltered
pens. There were no differences among
treatments in predicted:calculated NEg
ratios, although all were fairly low. Based
upon the environmental conditions during the trial, the 1996 NRC model did
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not entirely account for all the increased
maintenance energy requirements and/
or decreased diet digestibility in coldstressed cattle in this trial.
Summer trial
The performance and carcass characteristics for each treatment group are
shown in Table 4. Cattle fed diets containing CGF had greater feed DMI, ADG,
cattle fed DRC-based diets. Feed DM
the two diets, although MEI:gain was
lower in the diet containing CGF versus the DRC-based diets. In addition,
diets containing CGF also had greater
predicted:calculated NEg values than
DRC-based diets. The 1996 NRC model
more accurately predicted dietary NEg
in the summer trial than in the winter

trial. Cattle fed restricted diets (RE)
had lower gains and less backfat than
those fed ad libitum (HE), regardless of
base diet. During the 14-day adjustment
period, intakes tended to be elevated for
all treatment groups with no differences
found among treatments. Restricting
intake did not enhance feed DM or ME
utilization. Actual intakes of the RE
groups were 88.7 percent of HE for the
DRC group and 92.7 percent of HE for
the CGF group. It is possible the level
of restriction was not severe enough,
especially for the CGF group. Animals
fed high-roughage diets had higher feed:
gain ratios, less backfat and less KPH
fat than those fed ad libitum regardless
of diet base.
The average temperature during the
trial period was 2.7oF below normal
and very few animals exhibited visible
signs of severe heat load. The effects

Table 5. Effect of energy source and feeding level on panting level in cattle.a
Daily 1600 hours
THI

THI

Feeding Regime:
Baseline (6/4-6/96)
Thermoneutral
DMI, lb
MEI, Mcal
% panting
% heat stressed
Diet test period
Early (6/27-29/96)
DMI, lb
MEI, Mcal
% pantingb
% heat stressed
Diet test period
Late (7/17-19/96)
DMI, lb
MEI, Mcal
% panting
% heat stressed
aMean

Dry-rolled corn

62

77

75

Ad libitum

Restricted

High
roughage

16.0
22.4
7.5
0.0

16.3
22.9
2.5
0.0

15.5
21.7
5.8
0.0

20.4
28.6
84.2
8.3

20.2
28.3
73.3
6.7

20.1
28.2
95.0
26.7

20.4
28.5
97.5
22.5

Corn gluten feed
Ad-libitum

Restricted

High
roughage

15.9
22.3
5.3
0.0

17.6
23.7
5.8
0.0

19.1
25.8
11.7
0.0

19.0
25.6
6.7
0.0

18.6
25.0
8.1
0.0

20.3
27.4
74.2
6.7

20.3
28.1
77.2
7.2

21.8
29.4
80.0
10.0

20.5
27.6
85.8
14.2

17.5
22.6
80.8
6.7

19.9
26.5
82.2
10.3

23.3
31.4
90.8
22.8

21.3
29.4
94.4
23.9

22.4
30.2
90.0
25.8

21.8
29.4
95.8
23.3

23.0
29.7
90.0
23.3

22.4
29.8
91.9
24.2

68

81

81

of three days.
P<.10 (feeding regime).

bChi-square

of energy source and feeding level on
panting are shown in Table 5. Early in
the diet test the highest level of panting
was in the groups fed ad libitum. There
were slightly fewer animals in the restricted group panting and the fewest in
the high-roughage group (Chi-square =
.07). This relationship tended to be the

same between the high energy ad libitum
and high-roughage groups for cattle
showing signs of heat stress in that time
period (Chi-square = .12). In the late
test period, slightly more animals consuming DRC were panting than
those consuming CGF (Chi-square=.12),
while cattle fed the HE diet ad libitum

tended to show the greatest signs of
heat stress.
1Jill Heemstra, former research technician,
and Terry Mader, professor Animal Science,
Haskell Agricultural Laboratory, Concord; Tony
Scott, graduate student, Lincoln; John Gaughan,
lecturer, Department of Animal Production, University of Queensland-Gatton, Gatton, Queensland,
Australia.

Performance of Yearling Steers Fed Beet Pulp
or Chicory Pulp Rations
Ivan Rush
Brad Van Pelt1
Chicory pulp may lower feed
intake but will produce comparable

pulp utilized in this trial is a suitable
feed resource for beef cattle. Feed intake
pulp addition. Palatability or very high
water content of rations which reduced
ration quality are potential reasons for
decreased consumption of rations containing chicory pulp.

After inulin is extracted, the remaining
chicory pulp is a possible feed resource
for cattle. Previous research established
root by-products such as beet pulp as
in beet pulp is highly digestible and
has relatively high net energy value.
Chemical analysis indicates chicory is

Summary
Introduction
Substitution of beet pulp or chicory
pulp for corn silage was evaluated in
a 64-day feeding trial using yearling
steers. Rations contained 27.7 percent
(DM) beet pulp or chicory pulp. Chicory

Chicory is being investigated as a
source of inulin at the University of
Nebraska Panhandle Research and Extension Center at Scottsbluff, Nebraska.

Palatability of chicory pulp is a concern,
however, as it has a bitter taste. The objective of our trial was to compare the
feeding value of chicory pulp with beet
pulp and corn silage.
(Continued on next page)
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Procedure
Ninety predominately Angus steers
weighing an average of 951 pounds
were randomly allotted to nine pens.
Pens were randomly allotted to three
different ration treatments. The control
ration used to compare with the beet and
chicory pulp containing rations (Table
1) consisted of corn silage, alfalfa hay,
corn and a protein supplement containing Rumensin. Beet and chicory pulp
comprised 27.7 percent of the ration
dry matter which replaced corn silage
in treatments 2 and 3. The rations were
calculated to contain the same energy
level (49 NEg, Mcal/cwt). Because assumed energy values of beet and chicory
pulp were higher than corn silage, alfalfa
hay was increased in rations 2 and 3 to
offset the lower energy of corn silage.
Protein content was made constant for
all rations (13.5 percent) with three
supplements containing different levels
of protein and Rumensin.
The steers used in this trial were
grazed the previous summer at the High
Plains Ag Lab on primarily crested
wheat grass pasture where they gained
approximately 1.9 pounds daily for
114 days. They were then moved to the
University of Nebraska Panhandle Research and Extension Center feedlot at
Scottsbluff, Nebraska and fed a common
backgrounding ration until the initiation
of the trial on October 16, 1997. The
steers were weighed on two consecutive days at the initiation of the trial in
the early morning before feeding. They
were poured for lice and grub control,
BVD, IBR, PI3 and BRSV, and implanted
with Synovex-S at the initiation of the
trial. At the end of the trial, in an effort
fed the control ration at approximately
days and were again weighed on two
consecutive days.
Analyses of the pulps fed are presented in Table 2. The pressed beet pulp was
produced at the Western Sugar plant at
Scottsbluff, Nebraska and is routinely fed
to beef cattle in the region. The chicory
pulp was produced by the pilot laboratory
at the University of Nebraska Mitchell
Laboratory by Cascadian Industries.
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The pulp was delivered to the feedlot in
small, quantities and was usually stored
for a short period (from zero to 14 days)
and as a consequence did not undergo

Table 1. Rations used in chicory trial.

delivered pulp was very high in water
content (8.4-12.2 percent dry matter).
The majority of the chicory pulp was
not washed or dewatered and most likely
contained some soluble carbohydrates
that would provide energy in the pulp
that would not be present if the solubles
were extracted.

Corn silage
Beet pulp
Chicory pulp
Corn
Alfalfa hay
Protein Supp - 58%1
Protein Supp - 40%2
Ionophore Supp3

Results
Steer gain was highest for the corn
silage ration (P<0.1). Chemical analysis
of the corn silage, where energy values
are estimated, averaged slightly higher
(48.3 vs 47 NEg Mcal/cwt) than used in
the ration calculations. The dry matter
intake for the chicory pulp ration was
considerably lower than the other two
rations (P<0.1). This may have been due
to the lower palatability of the chicory
or perhaps the moisture content of the
ration. Daily gains were not different for
cattle fed beet or chicory pulp.
Cattle fed chicory rations consumed
fed the other two rations. During the
latter part of the feeding period, steers
were consuming 55-58 pounds of chicory pulp and 75-80 pounds of total wet
ration daily. Perhaps this level of total
feed intake affected the total amount of
DM they were able to consume. Initially
the steers consumed the chicory ration
at about the same level as the other two
rations, however the dry matter intake
was relatively low. The objective of the
trial was to feed the rations ad libitum,

Percent dry matter
Beet Chicory
Control pulp
pulp
51.8

11.4
27.7

12.1

23.6
18.9
5.7

23.6
33.1

27.7
23.6
30.7

49.0
13.5

45.6
13.5

26.1
13.5

49
1.0
.29
26

49
1.0
.27
26

49
1.1
.27
26

Calculated Ration Composition
Dry matter, %
Crude protein, %
Net energy gain,
Mcal/cwt
Calcium, %
Phosphorus, %
Rumensin, g/t

1Protein supplement contained 58% crude protein

with 38% from NPN - 420 g Rumensin/ton.

2Protein supplement contained 40% crude protein

with 28% from NPN - 400 g Rumensin/ton.

3Ionophore supplement contained 8% crude protein

and 1200 g Rumensin/ton.

Table 2. Analyses of beet and chicory pulp
used in trial.

Dry matter, %
Crude protein, %
Acid Detergent Fiber, %
Ash, %
Estimated total digestible
nutrients, %
Calcium, %
Phosphorus, %
Potassium, %
Magnesium, %
Sodium, %
Iron, ppm
Manganese, ppm
Copper, ppm
Zinc, ppm

Beet
pulp

Chicory
pulp

24.7
11.6
30.0
5.9

10.3
8.59
35.4
9.3

73.4
.73
.14
.52
.22
.16
168
47
7
20

69.3
.70
.24
1.43
.15
.17
384
28
10
31

Table 3. Performance of yearling steers fed corn silage, beet pulp or chicory pulp rations (64 days).

No. pens (replicates)
No. steers
Initial weight, lb
Final weight, lb
ADG
Feed intake (DM), lb
Feed/gain1
1Statistically
ab
cd
efg

analyzed as gain/feed.

Control

Beet pulp

Chicory pulp

3
30
952
1177
3.52a
21.3c
6.06e

3
30
953
1163
3.28b
21.8c
6.66f

3
30
949
1158
3.27b
17.7d
5.43g

however the daily intake data indicates
the majority of feed changes were increases, questioning if maximum dry
matter intake was achieved on some
days of the feeding period. It was also
noted the bunks were slick on numerous occasions. Because of overall high
intake, all cattle gained at a higher level
than would have been predicted.

in feed intake the cattle consuming the

ration as the intake was essentially the
same. In summary, chicory pulp can be
utilized as a suitable cattle feed, however

pulp ration. Part of the improvement
will be improved.
When intake is limited an improvement
control diet over the beet pulp is due to
the increase in gain over the beet pulp

1Ivan Rush, professor, Animal Science and
Brad Van Pelt, research technician, Panhandle
Research and Extension Center, Scottsbluff,
Nebraska.

Crude Protein and Energy Combinations for
Finishing Yearling Steers
Burt Weichenthal
Ivan Rush
Brad Van Pelt1
Maintaining more dietary roughfor medium-frame yearling steers or
more than 12.3 percent crude protein
throughout did not affect overall
performance and carcass values.
Summary
Yearling Angus steers averaging 889
pounds were fed 12.1 or 13.8 percent
crude protein with two energy levels dur12.3 or 13.8 percent crude protein with
the higher energy level during the sec-

so desirable performance and carcass
traits are achieved for a competitive cost
of gain. Feeding more roughage in the
to cope with periods when grain prices
are high relative to forage. Feeding more
may seem logical when cattle may be
gaining at a fast rate, but the additional
expense must be covered by improved
overall performance.
The objective of this study was to
study protein and energy level combinaing phases on overall performance and
carcass traits in Angus yearling steers.

Procedure
Angus yearling steers averaging 889
pounds were randomly assigned to four
pens of seven or eight steers on each of
four treatment combinations of crude
protein (CP) and net energy for gain
(NEg
All pens received the higher energy diet
during the second half. The diets shown
in Table 1 were combinations of two levels of CP and two levels of NEg in a 2x2
factorial arrangement as shown in Table
2. Diets were based on dry-rolled corn
with variation in levels of CP or roughage
achieved by varying the percentages of
(Continued on next page)

Table 1. Composition of diets and calculated nutrient analyses.
Diet

1

2

3

4

Diet composition, dry matter basis

were not improved by feeding more than
12.1 percent crude protein or more than
56 Mcal/cwt NEg

Dry-rolled corn, %
Corn silage, %
Alfalfa hay, %
Supplement 58, %a
Supplement 40, %b

53.5
39.6

76.4
16.7

6.9

6.9

Introduction
Protein and energy levels are major
ing cattle. The goal is to have enough
protein and energy in the diet for the
age, type and condition of the animal

72.2
16.7
6.9
4.2

Nutrient analysis, dry matter basis

indicate increased corn silage levels
reduce overall performance.

61.5
15.5
16.1
6.9

Crude protein, %
UIP, %
NEm, Mcal/cwt
NEg, Mcal/cwt
Salt, %
Calcium, %
Phosphorus, %
Potassium, %
Rumensin, g/ton
Tylan, g/ton
aSupplement

bSupplement

12.1
3.86
85.7
56
.28
.80
.32
.80
29
9.7

12.3
4.47
91.5
61
.28
.75
.33
.66
29
9.7

13.8
4.18
85.5
56
.28
.97
.33
1.00
29
9.7

13.8
4.62
90.1
60
.51
1.07
.37
.74
29
9.7

contains 58 percent crude protein, air dry basis, with 2/3 of that from urea.
contains 40 percent crude protein, air dry basis, with 2/3 of that from urea.
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corn, corn silage, alfalfa hay or protein
supplement. The CP levels assumed for
the corn and corn silage in calculating
the diets were 8.8 and 7.8 percent with
NEg at 67 and 45 Mcal/cwt dry matter
(DM), respectively. Dry supplements
contained 58 or 40 percent CP (air dry
basis) with about two-thirds of CP coming from urea. Monensin and tylosin
were included in all diets at 29 and 9.7
grams/ton, respectively. All steers were
implanted at the start of the trial with
Synonex S. Carcass data were collected
viding hot carcass weights by a common
dressing percentage (62). Results were
analyzed by using the General Linear
Model in SAS.
Results
Steers fed 12.1 percent CP in diets
with about 40 percent corn silage in the
did not appear to gain as fast as those fed
about 17 percent corn silage, but overall
gains for the 126-day trial were similar
followed with 17 percent corn silage
and 12.3 percent CP in the second half
or for those fed 17 percent corn silage
throughout the trial with 13.8 percent CP.
First half and overall daily gain and feed
conversion appeared to be lower when
13.8 percent CP was fed with the lower
diet included alfalfa hay to meet CP and
energy targets while the 12.1 percent CP,
lower energy diet included only corn
silage as the source of roughage. The
calculated NEg levels, however, were
the same for these diets. Carcass traits
appeared to be unaffected, except for an
apparent relationship to the lower gain
in the group receiving 13.8 percent CP
The results from this protein level comparison are consistent with earlier data
from the University of Nebraska (1994
Nebraska Beef Report, pp. 35-36) in
which 12 percent CP resulted in yearling
performance unimproved by higher protein levels obtained by urea additions to
dry-rolled corn diets containing 5 percent
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Table 2. Performance and carcass results from diet protein and energy combinations.

Crude protein, %
NEg, Mcal/cwt
Diets, second half
Crude protein, %
NEg, Mcal/cwt
Number of pens
Number of steers
Initial weight, lb
Final weight, lba
Daily gain, lb
First half
Overall
Feed DM/day, lb
First half
Overall
Feed/gain ratio
First half
Overall
Gain/feed ratio
First half
Overall
Hot carcass weight, lb
Dressing percentage
Fat thickness, in
Ribeye area, sq in
Marbling scoreb
Quality gradec
USDA yield grade

12.1
56

12.3
61

13.8
56

13.8
60

2

2

4

4

12.3
61

12.3
61

13.8
60

13.8
60

4
29
888
1321

4
29
890
1324

4.09
3.43
22.2
23.0

4.33
3.45

3.84
3.13

22.6
23.1

5.45
6.73

22.8
23.2

5.23
6.71

.185
.149
819
59.5
.54
12.6
6.1
19.6
3.4

4
29
887
1281

5.93
7.45

.191
.150
821
58.9
.56
12.6
6.4
19.7
3.3

.169
.135
795
58.7
.47
12.5
6.0
19.1
3.0

P-value

4
28
889
1316
4.09
3.39
24.1
24.4
5.90
7.20
.170
.139
816
59.0
.55
12.7
6.5
20.0
3.4

.35
.14
.35
.12
.24
.14
.13
.13
.14
.35
.17
.20
.88
.35
.22
.03

aFinal

weight calculated by dividing hot carcass weight by a common dressing percentage (62).
score: Modest = 6.0-6.9.
cQuality grade: Choice- - 19.0-19.9.
bMarbling

corn silage and 5 percent alfalfa hay as
the source of roughage.
Finishing diets based on dry-rolled
corn contribute substantial amounts of
rumen bypass or rumen undegradable
intake protein (UIP), often resulting
in dietary metabolizable protein (MP)
levels in excess of the amount needed by
diets with corn silage as the only source
of roughage with the NRC metabolizable protein model showed MP levels
yearling steers gaining an average of 3.45
pounds per day for 126 days. The rumen
degradable intake protein (DIP) was
about adequate in the 12.3 percent CP diet
in which two-thirds of the supplemental
protein came from urea.
Utilizing more corn silage in the diet
(56 Mcal/cwt NEg

traits when fed with 12.1 percent CP
and followed by 12.3 percent CP and
61 Mcal/cwt NEg in the diet. Using a
using more forage when available and
priced to be economical on cost of gain.
These results, showing higher corn silage
performance or carcass traits achieved
with higher grain diets, may be especially
useful when grain prices are high relative
to forage prices.
1Burt Weichenthal and Ivan Rush, professors,
Animal Science, Brad Van Pelt, research technician, Panhandle Research and Extension Center,
Scottsbluff, Nebraska.

Effects of Rumensin Level and Bunk
Management Strategy on Finishing Steers
Ki Fanning
Todd Milton
Terry Klopfenstein
D. J. Jordon
Rob Cooper
Cal Parrott1
Rumensin increased meal frequency and decreased meal size
without affecting intake. Clean
bunk management decreased meal
frequency, increased consumption
rate, meal size, and ruminal pH
change and pH variance.
Summary

were used to evaluate dietary Rumensin
level (0, 30, 30/40 or 40 g/t), and bunk
management strategy (ad libitum or

feed intake. Clean bunk management
strategies can reduce input costs, feed
wastage and human error; however, an
increase in management intensity may
be required to prevent over-consumption resulting in acidosis. University of
Nebraska research suggests Rumensin
reduces the area of ruminal pH below
5.6, ruminal pH change, and variance,
without affecting feed intake when
cattle are fed ad-libitum (1997 Nebraska
Beef Report, pp. 49). This may result in
reduced incidence of acidosis in highgrain diets. Effects of Rumensin and
different bunk management strategies
on cattle fed high-grain diets have not
been documented. The objective of this
trial was to determine if an interaction
exists between feeding management
strategy and Rumensin supplementation
strategies in feedlot steers.
Procedure

Rumensin decreased meal size and increased meal frequency without compromising intake. Clean bunk management
increased consumption rate, meal size
and ruminal pH change and pH variance. Steers with limited feed exposure
are at greater risk for subacute acidosis;
Rumensin effects consumption favorably
for controlling acidosis, especially for
cattle with limited feed exposure.

used in two concurrent 4 x 4 Latin squares
to determine if an interaction exists between Rumensin level and bunk management strategy. Steers were assigned to
one of two bunk management strategies
and one of four Rumensin levels. Over
a 21-day period, steers were stepped up
with four diets decreasing in roughage
level (45, 35, 25 and 15 percent). Steers

Introduction

consisted of 42.3 percent dry-rolled corn,
42.3 percent high moisture corn, 7.5
percent chopped alfalfa hay, 3 percent
molasses and 5 percent supplement, on
a dry matter basis.
Levels of Rumensin fed were 0 g/t
(CON), 30 g/t (30), 30 changing to 40
g/t the day of the challenge (30/40) and
40 g/t (40). Bunk management strategies
employed were ad-libitum (24-hour feed

as well as digestive disorders, greatly
these reductions are so subtle they may
go undetected until an adverse feeding
condition poses itself. Changes in intake
can cause subacute acidosis; likewise
subacute acidosis can cause changes in

access) and clean bunk management (approximately 14-hour feed access). Steers
were fed at 8 a.m. each morning. Steers
on the ad-libitum bunk management
strategy (ADLIB) were fed to have .25
to .5 pounds of feed left in the bunk at
7 a.m., while steers on the clean bunk
management strategy (CLEAN) were fed
to have consumed all their feed between
9 p.m. and 10 p.m. The following day’s
intake was adjusted accordingly. Steers
remained on their original assigned bunk
management strategy during the step-up
Individual feed bunks were suspended
from load cells. Submersible pH probes,
running through the ruminal cannula,
were suspended in the rumen. Both
load cells and pH probes were directly
linked to a computer allowing intake and
ruminal pH to be collected at two-minute
intervals. Amount of feed offered to the
CLEAN steers was determined from feed
weights at 8, 9, and 10 p.m. retrieved
from the computer.
Each of the four periods were 35
days in length, during which feed intake was monitored each day. Day 1-14
was a diet adaptation period with steers
housed in free stalls. On day 15, steers
were moved to tie stalls and tethered.
Submersible pH probes were placed in
the rumen through the ruminal cannula.
Ruminal pH was monitored from day
15-35. On day 31, steers were challenged
by feeding 125 percent of the previous
day’s intake, four hours late (12 p.m.).
During days 32-35, an intake recovery
phase was allowed. On day 32, steers
were fed the same amount of feed as
day 30. During days 33-35, steers were
fed to appetite as previously described.
On the fourth day of every period, steers
moved from the 40 g/t diet to the 0 g/t
(Continued on next page)
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Table 1. Effects of Rumensin level and bunk management strategy on intake behavior and ruminal pH on steers fed a high-grain diet during the
pre-challenge phase.
Rumensin levela

Bunk managementb

Item

CON

30

30/40

40

SEM

P-Value

CLEAN

ADLIB

SEM

P-Value

Intake
DM/day, lb
Rate, %/hr

27.9
26.7

27.3
23.3

28.1
25.4

26.2
26.3

1.6
2.1

.47
.69

27.1
32.3

27.7
18.5

2.1
1.5

.85
<.01

Meals
Number/day
Avgc, lb

5.9
7.4

6.8
5.0

6.5
4.9

6.3
5.0

.5
1.1

.50
.13

4.5
7.6

8.2
3.5

.57
1.2

<.01
.05

Eating time
Total, min/day
Avg. mealc, min

502
124

519
91

505
87

530
99

28.5
14.3

.90
.10

475
130

553
70

20.1
15.7

.04
.03

Ruminal pH
Average
Change
Variancec
Area < 5.6d

5.69
1.47
.161
104

5.64
1.39
.120
115

5.81
1.36
.125
106

5.73
1.34
.127
98

.11
.09
.02
33

.37
.61
.15
.87

5.75
1.46
.186
95

5.69
1.31
.080
116

.14
.08
.018
43.7

.77
.23
<.01
.75

aCON

= 0 g/t Rumensin, 30 = 30 g/t Rumensin, 30/40 = 30 changing to 40 g/t Rumensin the day of the challenge, 40 = 40 g/t Rumensin.
= Clean bunk management strategy, ADLIB = Ad-libitum bunk management strategy.
cRumensin versus Control (P < .05).
dArea = magnitude of ruminal pH below 5.6 by min.
bCLEAN

from a donor steer being fed a similar
diet without Rumensin.
Statistical analysis of the data was
conducted by the use of the Mixed
model procedure in SAS. Results were
divided into three phases: pre-challenge
(days 24-30, seven days previous to the
challenge), challenge (day 31, the day
of the challenge), and post-challenge
(days 32-35, four days post challenge).
Contrasts used in the pre-challenge phase

were CON compared with the average
of diets containing Rumensin and 30
compared with 40 g/t Rumensin. Contrasts used in the challenge phase were
CON compared with the average of diets
containing Rumensin, 30 compared with
30/40 g/t Rumensin and 40 compared
with 30/40 g/t Rumensin. Contrasts
used in the post-challenge phase were
CON compared with the average of diets

containing Rumensin, 30 compared with
40 g/t Rumensin and 30 compared with
30/40 g/ton Rumensin.
Results
Dry matter intakes (lb/day) were
similar among Rumensin levels (CON
= 21.4, 30 = 21.7, 30/40 = 21 and 40 =
21.5) and bunk management strategies

Table 2. Effects of Rumensin level and bunk management strategy on intake behavior and ruminal pH in steers fed a high-grain diet during the
challenge phase.
Rumensin levela

Bunk managementb

Item

CON

30

30/40

40

SEM

Intake
DM/dayc,d,lb
Rate, %/hr

33.4
22.6

31.5
22.4

33.9
20.2

31.3
24.6

2.2
2.4

Meals
Number/day
Avg, lb

7.13
5.25

6.88
5.31

7.00
5.20

6.33
5.19

.66
.89

P-Value
.20
.66
.81
.99

CLEAN

ADLIB

SEM

33.9
27.1

31.1
17.9

2.9
1.7

.52
<.01

.62
1.05

.20
.30

6.19
6.08

7.48
4.39

Eating time
Total, min/day
Avg. meal, min

502
76

510
82

537
81

523
88

28.6
10.4

.80
.81

521
90

515
73

20.2
10.7

Ruminal pH
Average
Changee
Variance
Area < 5.6f

5.69
1.53
.210
131

5.62
1.51
.181
139

5.68
1.47
.181
151

5.70
1.64
.220
119

.13
.07
.025
42.5

.93
.24
.48
.89

5.67
1.65
.269
135

5.67
1.42
.127
134

.15
.08
.025
48.9

aCON

= 0 g/t Rumensin, 30 = 30 g/t Rumensin, 30/40 = 30 changing to 40 g/t Rumensin the day of the challenge, 40 = 40 g/t Rumensin.
= Clean bunk management strategy, ADLIB = Ad-libitum bunk management strategy.
c30 versus 30/40 g/t Rumensin (P = .10).
d40 versus 30/40 g/t Rumensin (P = .09).
e40 versus 30/40 g/t Rumensin (P = .05).
fArea = magnitude of ruminal pH below 5.6 by min.
bCLEAN
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P-Value

.86
.29
.98
.10
<.01
.99

Table 3. Effects of Rumensin level and bunk management strategy on intake behavior and ruminal pH in steers fed a high-grain diet during the
post-challenge phase.
Rumensin levela

Bunk managementb

Item

CON

30

30/40

40

SEM

Intake
DM/day, lb
Ratec, %/hr

27.7
27.0

26.1
24.6

27.4
21.0

26.3
24.3

1.6
1.9

6.2

7.3

7.4

6.5

Meals
Number/dayd
Eating time
Total, min/day
Avg. meale, min
Ruminal pH
Average
Area < 5.6f

516
114
5.80
91

.50

P-Value

CLEAN

ADLIB

SEM

P-Value

.55
.22

26.4
30.2

27.3
18.2

1.9
1.9

.75
<.01

.09

5.5

8.3

545
78

538
79

516
89

32.0
14.6

.84
.31

5.61
130

5.75
117

5.72
106

.15
46.8

.50
.51

492
107
5.77
83

.44

<.01

565
73

28.9
10.3

.13
.07

5.67
140

.18
62.3

.71
.54

aCON

= 0 g/t Rumensin, 30 = 30 g/t Rumensin, 30/40 = 30 changing to 40 g/t Rumensin the day of the challenge, 40 = 40 g/t Rumensin.
= Clean bunk management strategy, ADLIB = Ad-libitum bunk management strategy.
cRumensin versus Control (P = .12).
dRumensin versus Control (P = .06).
eRumensin versus Control (P= .08)
fArea = magnitude of ruminal pH below 5.6 by min.
bCLEAN

(CLEAN = 21.1, ADLIB = 22.2) for the
combined averages of the four, 35-day
periods.
Pre-challenge
Results of the pre-challenge phase
are presented in Table 1. No interactions
were observed during the pre-challenge
phase; therefore, main effects of Rumensin level and bunk management strategy
are reported. During the pre-challenge
phase, Rumensin reduced (P < .05) average meal size and average meal length
compared with the CON. Rumensin
tended to reduce (P = .11) the largest
meal consumed per day compared with
CON (10.0 versus 11.9 pounds). Feed
intake, intake rate, number of meals and
total time spent eating were unaffected
by Rumensin level. Rumensin reduced
(P < .05) the variance in ruminal pH;
however, average ruminal pH, ruminal
pH change and the area below pH 5.6
were unaffected by Rumensin level.
Intake was similar between bunk
management strategies; however, steers
on the CLEAN had a faster (P < .01) rate
of intake and consumed fewer (P < .01)
meals than steers on the ADLIB (Table 1).
Average meal size was more than twice as
large (P = .05) for steers on the CLEAN
compared with the ADLIB. Average time
spent eating a meal was longer (P = .03)
for steers on the CLEAN; however, steers

on the ADLIB spent a greater (P = .04)
portion of their day eating. Ruminal pH
variance was greater (P < .01) for the
CLEAN compared with ADLIB. Average ruminal pH, ruminal pH change and
area below a pH 5.6 were unaffected by
bunk management strategy.
Challenge
Results from the day of the challenge
are presented in Table 2. No interactions were observed during the challenge phase; therefore, main effects of
Rumensin level and bunk management
strategy are reported. Steers fed 30/40
had a higher (P < .10) feed intake than
steers fed either 30 or 40 g/t Rumensin.
Intake rate, number of meals, average
meal size and total and average time spent
eating were similar among Rumensin
levels. Ruminal pH change was reduced
(P = .05) by steers fed 30/40 compared
with those fed 40 g/t Rumensin. Average
ruminal pH, pH variance and the area
below a pH of 5.6 were unaffected by
Rumensin level.
Steers on the CLEAN had a faster (P
< .01) rate of intake than steers on the
ADLIB. Number of meals, meal size
and time spent eating were unaffected by
bunk management strategy. Ruminal pH
variance (P < .01) and change (P = .10)
were greater for steers on the CLEAN
compared with ADLIB. Average ruminal

pH and area below pH 5.6 were unaffected by bunk management strategy.
Post-challenge
Results of the post-challenge phase
are reported in Table 3. Steers fed CON
tended to have a faster (P = .12) rate
of intake than steers fed Rumensin;
however, intake was unaffected by Rumensin level. Steers fed Rumensin had
a greater (P = .06) number of meals than
steers fed CON. An interaction (P = .10)
was observed for Rumensin level and
bunk management strategy for average
meal size. Steers on the CLEAN fed
Rumensin consumed smaller (P < .05)
meals compared with steers fed CON
(Table 4). For steers in the ADLIB,
average meal size was similar across
Rumensin levels. While total eating time
was similar across Rumensin levels,
steers fed the CON spent 30 minutes
longer (P = .08) eating per meal than
steers fed Rumensin (Table 3). Average
ruminal pH and the area below pH 5.6
were similar across Rumensin levels.
Interactions were observed between
Rumensin level and bunk management
strategy for ruminal pH change (P= .08)
and pH variance (P = .04). Steers on the
CLEAN fed CON or 40 g/t Rumensin
experienced a larger ruminal pH change
(P < .10) and greater ruminal pH vari(Continued on next page)
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Table 4. Interactions of Rumensin level and bunk management strategy on intake behavior and
ruminal pH in steers fed a high-grain diet during the post-challenge phase.
Rumensin levela
Item

CON

Average meal
CLEANc
ADLIBc

sizeb,

lb DM

Ruminal pH changef
CLEANc
ADLIBc
Ruminal pH variancei
CLEANc
ADLIBc

30

30/40

40

8.2d
3.5

4.4e
3.3

4.5e
3.5

5.4e
4.0

.78
.78

1.53g
1.08

1.21h
1.27

1.24h
1.22

1.51g
1.28

.13
.13

.213d
.055

.119e
.080

.116e
.066

.194d
.094

SEM

.021
.021

aCON = 0 g/t Rumensin, 30 = 30 g/t Rumensin, 30/40 = 30 changing to 40 g/t Rumensin the day of the
challenge, 40 = 40 g/t Rumensin.
bRumensin x bunk management interaction (P = .10).
cCLEAN = Clean bunk management strategy, ADLIB = Ad-libitum bunk management strategy.
d,eMeans in a row not bearing a common superscript differ (P < .05).
fRumensin x bunk management interaction (P = .08).
g,hMeans in a row not bearing a common superscript differ (P < .10).
iRumensin x bunk management interaction (P = .04).

ance (P < .05) than steers fed 30 or 30/40
g/t Rumensin. Ruminal pH change and
variance were similar across Rumensin
levels for steers on the ADLIB.
Intake was similar across bunk management strategies; however, intake rate
was faster (P < .01) for steers on the

CLEAN than those on the ADLIB (Table
3). The total number of meals was greater
(P < .01) for steers fed on the ADLIB
compared with CLEAN. Steers on the
CLEAN tended to spend a smaller (P =
.13) portion of the day eating, but their
average meal length was longer (P = .07)

than steers on ADLIB. Average ruminal
pH and area below pH 5.6 were unaffected by bunk management strategy.
Rumensin was effective at decreasing
meal size and increasing number of meals
consumed per day without affecting feed
intake. These changes in consumption
patterns should be effective in managing acidosis, especially for feedlot cattle
with limited exposure to feed. Effects
of Rumensin during the post-challenge
phase were greater for steers on the
CLEAN compared with ADLIB. It is
unclear why differences exist between
feeding 40 g/t Rumensin continuously
compared with 30 g/t or 30/40 g/t for
steers having limited access to feed.
Steers on the CLEAN had an increased
rate of intake and meal size as well as
ruminal pH change and variance. Steers
with limited exposure to feed are at a
greater risk for subacute acidosis.
1Ki Fanning, graduate student; Todd Milton,
assistant professor; Terry Klopfenstein, professor
Animal Science, Lincoln; D. J. Jordon and Rob
Cooper, research technicians; Cal Parrott, Elanco

Dietary Management for Starting Finishing
Yearling Steers on Feed
Burt Weichenthal
Ivan Rush
Brad Van Pelt1
Limit-feeding of high-grain
yearlings with minimal problems
from acidosis and intake variation,
resulting in less roughage needed

Summary
Angus crossbred yearling steers were
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stepped-up in grain over 23 days or with

dressing percentage and fat thickness,
but did not affect daily gain or carcass
quality and yield grades. In this small pen
research trial, steers reached ad libitum

with increasing grain levels to allow
the rumen microorganisms to gradually
adjust to higher grain levels, attempting
to minimize acidosis and intake variation that can occur with overeating of
grain. Limit-feeding of high-grain diets
but little research has been done on

this diet during start-up without major
problems from acidosis or related intake
variation.

start-up period. Use of limit-feeding in
the start-up period could eliminate higher
roughage diets and get cattle adjusted to

Introduction
Traditionally, starting cattle on a

acidosis which can lead to severe intake
variation or death.
The objective of our study was to

Step-up diets
Ingredient

1

2

Final diet

3

4

5

73.1
16.7
3.3
7.0

82.8
10.0
0
7.3

12.5
4.36
89.6
59.9
.28
.79
.33
.73
29.1
9.7

12.5
4.61
92.6
62.4
.29
.77
.34
.63
30.5
10.2

Calculated diet composition, dry matter basis
Rolled corn, %
Corn silage, %
Alfalfa hay, %
Supplement, %

45.3
31.4
18.6
4.8

54.0
28.8
11.2
6.0

63.6
22.8
7.2
6.4

Calculated nutrient analysis, dry matter basis
Crude protein, %
UIP, %
NEm, Mcal/lb
NEg, Mcal/lb
Salt, %
Calcium, %
Phosphorus, %
Potassium, %
Rumensin, g/ton
Tylan, g/ton

12.5
3.74
80.6
52.4
.19
.82
.30
1.09
20.0
6.7

12.5
3.90
83.7
55.0
.24
.83
.31
.95
25.1
8.4

12.5
4.13
86.7
57.5
.26
.81
.32
.84
27.0
9.0

Table 2. Performance of yearling steers for 123 days when step-up diets were compared to limit-

Diets
Number of pens
Number of steers
Initial weight, lb
Final weight1, lb
Daily gain1, lb
Feed DM/day, lb
Feed/gain ratio
Gain/feed ratio
Hot carcass weight, lb
Dressing percentage
Fat thickness, in
Marbling score3
Quality grade4
Ribeye area, sq in
USDA yield grade

Ad libitum-fed
step-up diets

Final diet limit-fed
in start-up

6
48
839
1186
2.92
20.6
7.05
.142
736
61.7
.53
5.53
19.3
12.8
3.0

6
46
851
1203
2.96
19.4
6.54
.153
746
62.3
.58
5.51
19.2
13.1
3.0

P-value

NS2
NS
.06
.009
.004
NS
.05
.03
NS
NS
NS
NS

1Final

weight and daily gain calculated by dividing hot carcass weight by a common dressing percentage (62).

2

3Marbling
4Quality

score: Small = 5.0-5.9.
grade: Choice- = 19.0-19.9.

compare feedlot performance and carduring the start-up period to ad libitum
feeding of traditional step-up diets of

treatments, which were: 1) ad libitum
feeding of four step-up diets over 23 days
with dry-rolled corn levels increasing
from 45 to about 83 percent of diet dry

Angus crossbred yearling steers
averaging 845 pounds were randomly
allotted to 12 pens of eight steers for a

diet with programmed increases for
about three weeks until steers reach ad
libitum intake. The increases in energy
in the step-up diets were accomplished
by increasing corn by 10 percent for each
step-up. Diets are shown in Table 1, with

pens assigned to each of two start-up

corn, corn silage and supplement. Steers

Procedure

15 pounds of dry matter per day which
was increased by 0.5 to 1 pound per day
until they reached ad libitum intake of
this diet in about three weeks. Steers
were fed once a day.
Steers were implanted with Synovex
S at the start of the trial and were fed Rumensin/Tylan throughout the trial. They
were weighed twice on succeeding days
at the beginning of the trial. Final weights
were calculated by dividing hot carcass
weights by a common dressing percentage (62). Performance and carcass data
were analyzed by using the GLM model
of SAS. The start-up period was in late
May and early June when temperature
swings are usually not large and feed
intake, along with cattle performance,
tends to be more uniform.
Results
Daily gains were not different among
treatments, but dry matter intake was
lower (P = .06) and feed conversion
improved (P < .01) for the steers limitfed the high-grain diet initially (Table 2).
Limit-fed steers also exhibited slightly
higher dressing percentage and fat thickness than those started traditionally, but
quality and yield grade comparisons were
similar for the two start-up treatments.
Results of this study suggest limit-feeding of high-grain diets could avoid the
traditional use of higher roughage levels
in step-up diets to bring yearling steers
up to full-feed. However, the authors
recognize that research pens with eight
steers per pen and 20 feet of bunk space
may improve the chances for successful start-up with limit-feeding of the
method for adapting rumen microorganisms to grain levels that can often cause
acidosis and intake variation when cattle
approach full feed with diets stepped-up
in grain.
Feed dry matter intakes by day are
shown in Figure 1. Limit-feeding of
days, but then gradual increases of less
(Continued on next page)
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30

than 1 pound of dry matter per day after
day seven resulted in ad libitum intake
after two to three weeks. Conversely,
the feeding of diets stepped-up in grain

25

two weeks and a severe drop during week
three. Intakes for both groups were similar by day 28 and remained similar for
the remainder of the trial when all groups

20

15
Ad libitum feeding of step-up diets

10

1

7

14

28

56
Days

84

112

1Burt Weichenthal and Ivan Rush, professors,
Animal Science, Brad Van Pelt, research technician, Panhandle Research and Extension Center,
Scottsbluff, Nebraska.

Figure 1. Feed intake variation by start-up method followed by ad libitum feeding to all steers.

Effects of Programmed Gain on Performance
and Carcass Characteristics in Calves
Tony Scott
Todd Milton
Terry Mader
Terry Klopfenstein
Rob Cooper1
A programmed gain phase in
the feeding period reduced total
feed consumed but did not improve
performance. Economics favored ad
libitum feeding due to differences
in carcass weight.
Summary
One hundred sixty crossbred steer
of including a programmed gain phase in
the feeding program and to evaluate effects of rate and duration of programmed
ing a multiple phase programmed gain
period with two rates of gain resulted in
performance similar to a single period
of programmed gain. Increasing length
of the programmed gain period resulted
in higher gains and dry matter intakes
1999 Nebraska Beef Report — Page 46

after steers were switched to ad libitum
feeding. Cumulative daily gain and dry
matter intake were decreased by the programmed feeding strategies. Net return
per animal was lower and cost of gain
higher when a period of programmed
gain was part of the feeding program.
Introduction

to feed, resulting in similar cumulative
daily gains. The reduced feed consumption accompanying the programmed
gain period, coupled with compensatory
in programmed gain animals. Also, it
has been suggested that the possibility
exists for promoting multiple periods
of compensatory growth by including
multiple periods of programmed gain in

Limit feeding of high concentrate
been researched for many years. In most
cases, previous research has focused
primarily on maintaining some degree
of intake restriction throughout feedhave been demonstrated as a result of
feed restriction. However, daily gain,
carcass weight and carcass fatness tend
to decrease with feed restriction. Consequently, time required to reach similar

known about the optimum rate or duration of programmed gain.
The objectives of this research were
to evaluate both rate and duration of
ing a programmed gain strategy in the
feeding program.
Procedure
One hundred sixty steer calves (656

Recent studies restricted energy intake so animals were “programmed” to
gain at a certain rate for a given period
of time. The underlying theory to this
practice: some compensatory growth will
occur when animals are given full access

weight blocks and randomly assigned
within block to one of four pens (eight
steers/pen). Each pen was randomly assigned to one of four treatments based
on rate and duration of programmed

Ingredient
Wet corn gluten feed
Dry-rolled corn
High-moisture corn
Alfalfa hay
Supplement
Ground milo
Limestone
Feathermeal
Bloodmeal
Salt
Tallow
Trace mineral
Rumensin
Vitamin premix
Tylan

Percent ediet DM
35.000
32.100
21.400
7.500
4.000
.392
1.454
1.100
.600
.300
.080
.030
.016
.015
.013

in programmed gain treatments were
adjusted every 14 days.
Adaptation diets contained 45, 35, 25,
17.5 and 12.5 percent alfalfa hay (DM

interim weights of steers consuming feed
ad libitum were shrunk 4 percent to be
used in performance calculations.

seven and seven days, respectively. The

Results

meet the metabolizable protein requirement of the ad libitum control group at
the midpoint of the initial 70 days in the

Effects of programmed gain on interim performance are shown in Table
2. As expected, steers fed ad libitum
during Period 1 gained faster (P<.05)
and consumed more feed (P<.05) than
the other treatments. Both treatments
in which steers were programmed to
gain 2.5 lb/day resulted in faster gains
than predicted during Period 1. Steers
programmed to gain 2.5 lb/day during
the initial 35 days of the feeding period
(Treatment 3) gained 2.87 lb/day. Steers
programmed to gain 2.5 lb/day for the

16.2 percent CP (DM basis), 10.4 percent
DIP (percent of DM), 5.8 percent UIP
(percent of DM), .70 percent Ca, .35
percent P, .65 percent K and included 25
g/ton Rumensin® and 10 g/ton Tylan®.
Steers were implanted with Synovex®-S
at the beginning of the trial and re-implanted with Revalor®-S on day 70. The
experiment was initiated on December
9, 1997. Steers in all treatments were
weighed the day prior to slaughter at
a commercial packing plant. Based on
projected performance from interim
weights, steers were slaughtered at equal
treatment mean live weights. Following
a 24-hour chill, yield grade, marbling
score and twelfth rib fat thickness were
recorded. The mean dressing percentage
(63.8 percent) was used to calculate
carcass adjusted performance. In an ef-

gain. Treatment 1 was an ad libitum
control in which steers were offered ad
libitum access to feed throughout the
trial. Treatment 2 consisted of one duration (70 days) and one rate (2.8 lb/day)
of programmed gain. Steers receiving
Treatment 3 were programmed to gain
2.5 and 3.0 lb/day for 35 days each. Steers
in Treatment 4 were programmed to gain
2.5 and 3.0 lb/day for 50 days each. Intake required to achieve the programmed
rate of gain was calculated using the net
energy equations contained in the NRC
(1996) computer model. Intakes of calves

Table 2. Effect of programmed gain on interim performance.
Treatment
1

2

3

4

Maximum
154

2.8
70

2.5/3.0
35/35

2.5/3.0
50/50

Period 1a
ADG, lb
DMI, lb/d
Feed:gain

3.53e
19.63e
5.58

2.97f
15.65f
5.27

2.87fg
14.86g
5.21

2.66g
14.86g
5.61

.09
.12
.15

Period 2b
ADG, lb
DMI, lb/d
Feed:gain

4.12e
22.36e
5.44e

3.09fg
16.30f
5.29e

3.26f
16.71f
5.22e

2.72g
17.71g
6.50f

.15
.23
.22

Performance during programmed gain periodc
ADG, lb
3.83e
3.03f
15.96fg
DMI, lb/d
21.02e
5.27ef
Feed:gain
5.47e

3.07f
15.77g
5.16f

2.69g
16.33f
6.06g

.06
.17
.09

Period 3d
ADG, lb
DMI, lb/d
Feed:gain

3.05e
23.43e
7.69

3.50f
24.97f
7.16

.10
.40
.19

Treatment description
ADG, lb
Duration, days

aDay

2.94e
23.00e
7.86

3.15e
23.60e
7.50

SEM

1-35 for Treatments 1, 2 and 3; Day 1-50 for Treatment 4.
35-70 for Treatments 1, 2 and 3; Day 50-100 for Treatment 4.
cDay 1-70 for Treatments 1, 2 and 3; Day 1-100 for Treatment 4.
dDay 71-154 for Treatment 1; Day 71-161 for Treatments 2 and 3; Day 101-161 for Treatment 4.
efgMeans within a row with unlike superscripts differ (P<.05).
bDay

2.66 lb/day. There were no statistical
differences in feed conversion among
treatments during Period 1. Steers fed
ad libitum gained faster (P<.05) and
consumed more feed (P<.05) than all
other treatments during Period 2 (Table
2). During Period 2, Treatment 3 resulted in 8.6 percent faster gains than
predicted while Treatment 4 resulted in
gains 9.3 percent slower than predicted.
The slower than predicted daily gain and
in steers in Treatment 4 are likely due
to the inclement weather experienced
during the latter stages of Period 2.
The length of restriction for Treatment
4 was 50 days, while the duration for
Treatment 3 was only 35 days. The
additional 15 days of limit feeding for
steers in Treatment 4 were accompanied
by severely muddy pen conditions and
a severe snowstorm.
Daily gain and feed consumption were
greater (P<.05) for steers fed ad libitum
during the overall programmed gain
period (Table 2). Treatment 2 resulted
in 8.2 percent faster daily gain than predicted for the 70 day period. Treatments
2 and 3, in which the programmed gain
period was 70 days, resulted in increased
(P<.05) daily gain and improved feed
conversion (P<.05) versus Treatment 4
where the programmed gain period was
100 days. Performance of Treatments 2
and 3 was similar during the programmed
(Continued on next page)
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Table 3. Effect of programmed gain on cumulative performance.
Treatment
1
Pens
Animals
Initial Wt., lb
Final Wt., lba
Day 1-Slaughtera
ADG, lb
DMI, lb/d
Feed:gain
Total feed, lb/hd
Days on feed
b

aFinal
b

3

4

SEM

5
39
655.6
1167.2

5
40
655.4
1151.0

5
40
655.0
1144.4

5
40
656.2
1139.2

——
——
.7
10.4

3.34d
22.10d
6.62
3204.0d
154
16.31

3.10e
20.13e
6.50
3240.9e
161
10.12

3.06e
19.95ef
6.53
3211.3ef
161
7.33

3.02e
19.34f
6.41
3113.8f
161
7.65

.06
.25
.11
38.7
——
——

3.31d
6.67

3.08e
6.53

3.10e
6.44

2.95e
6.57

.05
.09

743.7
63.7
475.4
2.08d
.37

734.9
63.8
460.0
1.77e
.38

736.4
64.3
476.4
2.03d
.41

Carcass adjusted performance
ADG, lb
Feed:gain
Carcass characteristics
Hot carcass wt, lb
Dressing %
Marbling scorec
Yield grade
Fat thickness, in.

2

721.4
63.3
457.8
1.85de
.37

5.5
.3
8.1
.08
.01

live weight adjusted for 4% shrink.

and cattle interest 10%.
cMarbling score: Slight = 400; Small = 500.
defMeans within a row with unlike superscripts differ (P<.05).

gain period, indicating little compensatory growth as a result of changing the
severity of energy restriction without
altering the duration.
After all steers were switched to ad
libitum feeding from their respective
programmed gain treatment, Treatment 4
resulted in higher (P<.05) daily gain and
feed consumption. The interim results
suggest that with the longest restriction, some compensatory growth was
occurring. These steers were restricted
longer and consequently spent less time
at a heavier body weight. The increased
growth rate of cattle in Treatment 4 was
most likely a function of a lower maintenance requirement, making more energy
available for gain.
Cumulative live weight performance
for the entire feeding period is shown in
Table 3. Steers fed ad libitum throughout
the trial gained faster (P<.05) and consumed more feed (P<.05) than steers in
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all other treatments. Daily gains among
steers in programmed gain treatments
were similar for the entire trial. Feed
conversion among all treatments was
similar, though numerically lower for
programmed gain treatments. These
when including a programmed gain
versus steers fed ad libitum. However,
our diets contained 35 percent wet corn
gluten feed which may have prevented
subacute acidosis from occurring in
steers fed ad libitum. Based on projections from interim performance, programmed gain treatments required an
additional seven days on feed to reach
slaughter weight. Total pounds of feed
consumed per animal was lower (P<.05)
in steers undergoing a period of programmed gain compared to those having
ad libitum access to feed throughout the
trial. Total pounds of feed consumed per

animal was lower (P<.05) for Treatment
4 than for Treatment 2. Carcass adjusted
performance was similar to live weight
performance. In general, carcass characteristics (Table 3) were unaffected
by treatment. Though not statistically
different, steers undergoing a 100 day
programmed gain period gave up 22
pounds of carcass weight compared
to steers fed ad libitum throughout the
experiment. Even though steers in Treatment 4 had higher daily gains after being
switched to ad libitum feeding, they were
unable to completely make up the difference in weight. Dressing percentage,
marbling score and fat thickness were
similar among treatments. It is unclear
why steers in Treatment 2 had a lower
(P<.05) yield grade than steers in Treatfeeding for the entire feeding period.
Clearly, the programmed gain strategies
were successful in terms of reducing the
total amount of feed required for animals
to reach market readiness. However, if a
programmed gain period is to be included
in the feeding period, weight cannot be
costs at the feed prices used.
Daily gain and feed conversion were
not enhanced by including a programmed
gain period in the feeding program. These
data suggest programmed gain strategies
do not reduce carcass merit. The amount
of feed needed to reach market readiness
is reduced by including a programmed
gain phase. However, economics did
not favor including a programmed gain
period, because the feed cost savings did
not offset the loss of weight gain. Feed
before the loss of gain would be offset
by feed cost savings.

1Tony Scott, graduate student; Todd Milton,
professor, Animal Science, Lincoln; Terry Mader,
professor Animal Science, Concord; Terry Klopfenstein, professor Animal Science, Lincoln; Rob
Cooper, research technician, Lincoln.

Evaluation of Revalor®-G as an Initial Implant
for Yearling Steers
Terry Mader
Jill Heemstra
Robert Brandt, Jr.
Gary Sides1

the effects of three different initial implants differing in active anabolic agent
makeup and dosage.
Procedure

Revalor-G compares favorably
with other initial feedlot implants
growth, with minimal impact on
marbling and quality grade.
Summary
crossbred steers (715 lb) were used to
compare effects of reimplanting with
Revalor®-S (administered on day 66)
after three different initial implants
(administered on day zero), to single implantation with Revalor-S (administered
on day zero or day 66). Over the entire
study, implanted steers gained faster
control steers. Steers implanted initially
with Revalor-G or Synovex-S gained
faster than steers implanted only once.
Of the three reimplant treatments, only
those initially implanted with Revalor-G
with single-implanted steers on a live
basis. Compared to non-implanted controls, marbling score was reduced only
when Synovex-S or Ralgro was used as
initial implants.
Introduction
Reimplanting is a commonly accepted
practice for feedlot cattle fed in excess of
130 days. Type and dosage of the initial
implant may impact animal response to
the terminal implant, carcass characteristics and animal behavior. Therefore, the
objectives of this study were to measure
performance and carcass responses of
use of a single implant, and to evaluate

From a larger group of 381 steers,
336 predominately English crossbred
steers (715 lb) were selected based on
uniformity in weight. Steers were allotted within source and weight to one of
42 pens. Seven pen replicates were
assigned to each of six treatments: 1)
non-implanted control; 2) implanted
with Revalor-S at day zero; 3) implanted
with Revalor-S at day 66; 4) implanted
with Revalor®-G at day zero and reimplanted with Revalor-S at day 66; 5)
implanted with Synovex®-S at day zero,
reimplanted with Revalor-S at day 66;
and 6) implanted with Ralgro® at day
zero and reimplanted with Revalor-S
at day 66.
Initial processing consisted of
weighing, eartagging and vaccination
against IBR, PI3, BSRV, H. somnus
and seven clostridial species. Treatment for internal and external parasites
was with Safeguard® and Tiguvon®,
respectively.
age of individual weights obtained before
feeding on two consecutive days. Four
replicates were started on trial September
27, 1996 and fed until March 19, 1997
(173 days). The remaining three replicates were started on October 1, 1996 and
fed until March 5, 1997 (155 days).
Steers were fed once daily a series of
21-25 days of starting the experiment,
ration on a DM basis was composed of
54 percent dry-rolled corn, 27 percent
high-moisture corn, 5 percent alfalfa hay,
5 percent corn silage, 4 percent liquid
supplement, 3 percent soybean meal, and

2 percent dry supplement and contained
65.3 Mcal NEg/cwt, 13.24 percent crude
protein, .62 percent Ca, .34 percent P, .74
percent K and 0.16 percent Mg.
Steers were shipped (approximately
50 miles) and slaughtered the day afidentity was maintained. Hot carcass
weights and liver abscess scores were
obtained at slaughter. Carcass data
(backfat thickness, ribeye area, marbling
score, percent KPH fat, maturity of lean
tissue and bone, masculinity score and
incidence of dark cutters) were obtained
by trained personnel following a 24-hour
carcass chill.
Data were analyzed by GLM procedures of SAS. Replicates were either
housed in exposed, open lots or in a
semi-enclosed barn with a southern
exposure. Because of potential location or facility effects, the statistical
model included treatment, facility
treatment*facility, and replicate (facility) as independent variables. Means
difference. Percentage Choice or better
carcasses and distribution of quality
and yield grades were analyzed using
Chi square statistics. Four live animals
and one dead animal were taken off
test during the conduct of the study for
reasons unrelated to treatment and were
eliminated from the analysis.
Results
All implants increased average daily
gain and decreased feed to gain ratio in
the initial 66 days of the study (Table 1).
Steers implanted with Synovex-S gained
faster than steers implanted with Ralgro,
with Revalor-G being intermediate.
Steers implanted initially with Ralgro
compared with those initially implanted
with Synovex-S.
(Continued on next page)
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During the reimplant period (day 67end), reimplanted steers gained faster
reimplanted. Steers initially implanted
those initially implanted with SynovexS, while Ralgro steers were intermediate.
Steers implanted initially with Ralgro
consumed less feed than those initially
implanted with Synovex-S during the
reimplant period.
Over the entire study, implanted steers
non-implanted control steers. Steers
implanted initially with Revalor-G or
Synovex-S gained faster than steers
implanted only once. Of the three
reimplant treatments, only those initially implanted with Revalor-G had
improved feed efficiency compared
with single-implanted steers on a live
and carcass basis.
Implanted steers had heavier carcass
weights and larger ribeye areas than
non-implanted steers (Table 2). Dressing percentage and rib-fat tended to be
higher for implanted steers. Average
yield grade also tended to be higher
for implanted steers, with no apparent
differences in yield grade distribution
(Chi-square = .20).
Marbling scores were reduced
compared to non-implanted controls
only when Synovex-S or Ralgro were
used as initial implants. Use of a single
Revalor-S implant, either at day one
marbling score. Overall, steers graded
extremely well in this study, with no
result of implant treatment. Nonetheless,
marbling score tended to be reduced to a
lower extent when Revalor-G, rather
than when Ralgro or Synovex-S was
utilized as the initial implant.
Bone maturity scores were increased
by all implant treatments compared
with non-implanted controls, with
the exception of the third treatment
(no implant for 66 days, followed by
Revalor-S). Although statistically sigmeans for bone maturity ranged only
from A64 to A80. Similar small but
overall maturity (average of lean and
bone maturity) existed between treat1999 Nebraska Beef Report — Page 50

Table 1. Effect of implant treatment on feedlot performance of yearling steers.
Day zero implanta:
Day 66 implant:

None
None

Rev-S
None

None
Rev-S

Day Zero-66
ADG, lb
DMI, lb
F/G

3.94c
23.31cd
5.95c

4.65e
23.95e
5.17e

3.92c
22.93c
5.87c

4.50de
23.63de
5.27de

4.71e
24.08e
5.14e

4.32d
23.73de
5.53d

Day 67-end
ADG, lb
DMI, lb
F/G

2.21c
21.71c
10.03c

2.34c
22.74de
9.80c

2.73d
22.16cd
8.17e

2.78d
22.53de
8.18e

2.60d
23.00e
8.94d

2.68d
22.15cd
8.30de

1194c
2.90c
22.21d
7.70c

1259de
3.27d
23.08ef
7.07d

1244d
3.21d
22.33cd
7.00d

1286 f
3.47e
22.83def
6.60e

1280ef
3.45e
23.29f
6.79de

1267def
3.34de
22.64cde
6.80de

Overall, adjusted basisb
End wt, lb
1172c
ADG, lb
2.77c
F/G
8.06c

1250de
3.22d
7.18de

1229d
3.12d
7.20d

1274e
3.40e
6.76f

1276e
3.42e
6.85ef

1255de
3.27de
6.97def

Overall, live basis
End wt, lb
ADG, lb
DMI, lb
F/G

Rev-G
Rev-S

Syn-S
Rev-S

Ralgro
Rev-S

aRev-S

= Revalor-S; Rev-G = Revalor G; Syn-S = Synovex-S.
weights were hot carcass weights divided by a constant (63 percent dressing percent).
cdef Means in a row without a common superscript differ (P < .10).
bEnding

Table 2. Effect of implant treatment on carcass traits of yearling steers.
Day zero implanta:
Day 66 implant:

None
None

Rev-S
None

None
Rev-S

Rev-G
Rev-S

Syn-S
Rev-S

Ralgro
Rev-S

738d
61.9d
12.42d
.48de
2.15

788ef
62.6e
12.91e
.53ef
2.11

774e
62.3de
12.90e
.53ef
2.10

803f
62.4de
13.02e
.49def
2.18

804f
62.8e
12.88e
.54f
2.12

791ef
62.4de
13.17e
.45d
2.15

Yield grade
YG 2, %h
YG 3, %h
YG 4, %h

2.97de
19.6
76.8
3.6

3.11ef
19.6
74.5
5.9

3.06e
14.3
83.9
1.8

3.04e
14.3
80.3
5.4

3.20f
17.3
71.4
11.3

2.85d
27.8
72.2
0

Marbling scoreb
Prime (PR), %h
Choice (CH), %h
Pr + Ch, %
Select, %h
Standard, %h

6.60f
23.2
67.9
91.1
8.9
0

6.35def
13.3
76.0
89.3
7.1
3.6

6.24def
16.1
69.6
85.7
14.3
0

6.36ef
16.1
75.0
91.1
8.9
0

5.95de
3.6
83.9
87.5
10.7
1.8

5.91d
5.6
73.7
79.3
17.1
3.6

Hot weight, lb
Dressing %
Ribeye area, in2
Rib-fat, in.
KPH fat, %

Maturityc
Bone
Lean
Overall
Dark cutters, no.

164d
165de
165d

180g
169de
175f

168de
167de
168de

172ef
164d
168de

176fg
168de
172ef

173ef
171e
172ef

0

1

0

0

0

0

aRev-S

= Revalor-S; Rev-G = Revalor G; Syn-S = Synovex-S.
bSmall0 =5.0, Modest0 =6.0.
cA0 = 100, A50 = 150, B0 = 200.
defgMeans in a row without a common superscript differ (P < .10).
hChi-square statistic indicated no apparent differences in distribution.

ments. Steers implanted initially with
Revalor-S, Synovex-S or Ralgro had
higher overall maturity scores than
non-implanted steers. It appears choice
of initial implant and/or timing of the
terminal implant have only a slight
effect on carcass maturity.

1Jill Heemstra, former research technician,
and Terry Mader, professor of Animal Science,
Northeast Research and Extension Center, Concord; Robert Brandt and Gary Sides, Professional
Services Specialists, Hoechst Roussell Vet., Warren, New Jersey.

Evaluation of Growth-Promoting Systems for
Heifer Calves Finished in the Feedlot
Mari Lubberstedt
Terry Mader
Jill Heemstra
Kelly Lechtenberg1
Optimum growth-promotant
include an initial implant with either
Synovex-C or Synovex-H, followed
by replanting with Synovex-H and
Finaplix-H.
Summary
nantly British and/or British x Continental cross heifers were assigned to six
pens/treatment). In addition, melengestrol acetate (MGA) was provided to four
treatment groups from day 28 until 48
hours prior to slaughter. Heifers not fed
MGA had the greatest number of immature ovaries, although they were also the

MGA feeding have not been fully addressed. Due to potential implant failure,
and the possible additive effects of MGA
in combination with an implant, producers may feed MGA plus implant cattle as
primarily associated with heifers with
functional, mature ovaries. The effects
of implants on the development of the
reproductive tract can vary. Characterization of implant effects on ovarian
development are needed. Few studies
provide data relevant to growth promoting systems for heifers fed more then 150
days, such as with heifer calves. Previous
utilizing low dose (estrogenic) implants
followed by high dose (estrogenic or
estrogenic and androgenic) implants in
long-fed steers and heifers. The objective of this study was to evaluate low
dose/high dose implant systems when
used in combination with the feeding
the feedlot.

Procedure
Two-hundred ten head of predominantly British and British x Continental cross heifers were eartagged and
vaccinated for seven-way clostridial,
IBR, PI3, BRSV and H. Somnus. Heifers
were fed a receiving diet for approximately 10 days, after which time they
were assigned to blocks based on their
average initial weight and randomly
assigned to pens (seven head/pen). The
initial weight was the average of weights
taken on two consecutive days before
feeding. Pens were randomly assigned
to six implant treatment (Trt) groups
heifers were weighed and implanted
according to the treatment assignments;
Synovex-C was implanted in groups
1 through 3 and Synovex-H was implanted in groups 4 through 6. On day
70, the heifers were implanted with
Synovex-H and/or Finaplix-H, according to the experimental design (Table 1).
(Continued on next page)

feed to gain ratio). Heifers fed MGA and
implanted with Finaplix were the least
Table 1. Experimental design.

Introduction

Study
Group

Generally, a recommended implantreimplant program consists of an initial
implant with estrogenic activity, followed by a second implant exhibiting
both estrogenic and androgenic effects 70
to 100 days prior to slaughter. However,
feeding melengestrol acetate (MGA) is
another option for improving gain and

1
2
3
4
5
6

Implant treatmentsa
Day 0
Day 70
Synovex-C
Synovex-C
Synovex-C
Synovex-h
Synovex-H
Synovex-H

Synovex-H + Finaplix H
Synovex-H + Finaplix-H
Finaplix-H
Synovex-H + Finaplix H
Synovex-H + Finaplix-H
Finaplix-H

MGA fedb
none
yes
yes
none
yes
yes

Replicates Animals assigned
(No. of pens)
per pen
5
5
5
5
5
5

7
7
7
7
7
7

aSynovex-C contains 10 mg estradiol benzoate and 100 mg progesterone; Synovex-H contains 20 mg estradiol benzoate and 200 mg testosterone propionate; Finaplix-H contains 200 mg trenbolone acetate.
bMelengestrol acetate (MGA) was provided to all heifers at .45 mg/hd/day from day 28 to 48 hours
prior to slaughter.

estrogen/androgen combinations and
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Table 2. Diet Composition.
Diet number
Item
Days fed
Diet, % DM
Ingredients, % diet DM
Corn silage
Alfalfa hay
Ground high-moisture ear corn
Ground high-moisture corn
Dry-rolled corn
Mineral-vitamin premixa
Rumensin supplementb
Liquid supplementd
Rumensin/Tylan supplementc
Control/MGA supplemente
Content, DM basis
Crude protein, %
Neg, Mcal/cwt
Nem, Mcal/cwt
Calcium, %
Phosphorous, %
Potassium, %
Magnesium, %
Sulfur, %
Salt, %

1

2

3

4

5A

5B

5C

5
74.02

5
72.66

5
70.18

6
70.98

7
68.96

98
69.08

46
66.39

—
37.60
25.00
17.42
17.42
1.25
1.31
—
—
—

—
25.70
25.00
22.61
22.61
0.92
1.31
1.85
—
—

—
15.77
30.00
24.31
24.31
0.54
—
3.04
2.03
—

—
7.19
30.00
28.18
28.18
—
—
4.42
2.03
—

—
—
30.00
31.63
31.62
—
—
4.72
2.03
—

—
—
30.00
30.59
30.58
—
—
4.72
2.03
2.08

7.50
—
15.00
34.34
34.33
—
—
4.72
2.03
2.08

12.55
52.00
80.74
0.73
0.34
0.91
0.20
0.19
0.25

12.50
56.00
85.16
0.74
0.34
0.84
0.18
0.18
0.30

12.00
59.00
88.59
0.69
0.34
0.75
0.17
0.17
0.30

12.00
62.00
91.95
0.66
0.34
0.70
0.15
0.16
0.28

12.03
64.64
94.95
0.60
0.35
0.63
0.14
0.15
0.30

12.08
64.24
94.46
0.64
0.35
0.64
0.14
0.15
0.30

12.12
64.17
94.12
0.65
0.34
0.67
0.15
0.15
0.30

aCorn based supplement containing on DM basis 19.85% salt, 14.21% Ca, 3.85% P, .21% K, .17% Mg,
.27% S, .066 ppm Mn, .066 ppm Zn, .066 ppm Fe, .0066 ppm Cu, .002 ppm I, .00067 ppm Co, and
237,254 IU vitamin A/kg.
bContained on DM basis 96.72% ground corn, 2.14 % molasses, 1.14 % Rumensin 60 (60g monensin/
lb).
cContained on DM basis 96.05% ground corn, 2.13 molasses, 1.14% Rumensin 60 and 0.68% Tylan 40
(40g Tylosin/lb).
dContained on DM basis 50% CP, 47% NPN, 12.30% Ca, 6.3% salt, .79% P, 4.76% K, .15% Mg, .35%
S, .0035% Zn, .0010% Fe, .0028% Mn, .0013% Cu, .0008% I, .0001% Co, 105,000 IU vitamin A/ kg,
24,500 IU vitamin D and 35 IU vitamin E/kg.
eControl supplement contained on DM basis 36.51% ground corn, 30.62% soybean hulls, 19.96% wheat
midds, 4.21% molasses, 5.61% limestone, and 3.10% soybean meal. MGA (melengestrol acetate 441
mg/kg) was put in at .5% of control supplement formulation to make the MGA supplement.

Melengestrol acetate (MGA) was provided to groups 2, 3, 5 and 6 at .4 to
.45mg/hd/day from day 28 until it was
withdrawn from the feed 48 hours prior
to slaughter. The feeding of MGA was
delayed until day 28 when cattle were
on the highest energy diet, a common
practice in feedlots where supplement
formulations and levels fed are designed
At the start of the trial, all heifers were
ration and were on full-feed by day 28
(Table 2). Heifers were fed Rumensin
and Tylan throughout the 172 day feeding
trial. Full-weights were taken on days 28,
70, 126 and prior to slaughter (day 172).
Ovarian data, hot carcass weight and
liver abscesses were determined on day
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of slaughter. Marbling score, fat thickness, percent kidney, pelvic and heart
fat (KPH), yield grade, number of dark
cutters and ribeye area were recorded
following a 24-hour (minimum) chill.
During the study, three heifers were
removed due to death or health-related
problems independent of treatment assignment and were not included in the
statistical analysis.
Statistical analyses for this trial were
conducted using the GLM procedures
of SAS (1991). Preplanned contrast
included initial implant (IMP; group
1, 2, and 3 versus 4, 5 and 6); growth
promotant regimen (GP; groups 1 and 4
versus 2 and 5 versus 3 and 6) and IMP x
GP interaction except for characteristics
which were compared using chi-square

test. For those, the model included IMP,
GP and a comparison between initial
implant groups that received only MGA
(Treatments 2 and 3 versus Treatments
5 and 6). In addition, contrasts were
performed between treatment groups receiving MGA versus groups fed no MGA
(Treatments 1 and 4 versus Treatments
2, 3, 5 and 6) and between Synovex-H
in combination with Finaplix versus Finaplix alone (Treatments 3 and 6 versus
1, 2, 4 and 5). Liver abscesses, ovarian
data, percent dark cutters and quality
grade were analyzed by the frequency
procedure of SAS (1991) using the chisquare option.
Results
The implantation of Synovex-H
increased average daily gains and
decreased feed required per unit of gain
(Table 3). The addition of melengestrol
acetate (MGA) to the diet at day 28 did
gains or dry matter intake. No differences in dry matter intake were observed
among the growth-promotant treatments.
Feed required per unit of gain was the
least from zero to 70 days and over the
entire trial for heifers not fed MGA. At
feed conversion were heifers fed MGA
and implanted with only Finaplix.
Heifers not fed MGA had the largest
ribeye area, while heifers implanted with
Finaplix only had the smallest ribeye area
(Table 4). Lower yield grade was also
observed for heifers not fed MGA. Heifers initially implanted with Synovex-H
showed an increased occurrence of liver
abscesses. No differences in quality
grade were found.
There was an unusually large incidence of dark cutter carcasses. This could
not be attributed to any one experimental
treatment, but possibly was caused by
factors, including weather. The two days
prior to slaughter, for example, were
abnormally hot and humid. In addition,
heifers were held overnight at the packing
plant prior to slaughter and were not fed
MGA 48 hours prior to slaughter. Heifers
were not segregated by treatment at the
packing plant.
Ovarian data (Table 5) indicate

Table 3. Initial implant (IMP) and overall growth promotant regimen (GP) effects on animal performance and carcass characteristics a.
Treatment (Trt) group
Feed additive:

None

Implant (day 0):
Implant ( day 70):
Trt No.:
Total no. head (reps)
Weight, lb
Initial
28 d
70 d
Final (172 d)
b

ADG, lb
0-28 d
28-70 d
0-70 d
70-172 d live wt
70-172 d adj wt
0-172 d live wt
0-172 d adj wt
DMI, lb
0-28 d
28-70 d
0-70 d
70-172 d adj wt
0-172 d adj wt
Feed/gain
0-28 d
28-70 d
0-70 d
70-172 d adj wt
0-172 d adj wt

C
H/F
1

MGA
C
H/F
2

None
C
F
3

H
H/F
4

MGA
H
H/F
5

Contrast P-Values by treatment number
H
F
6

35(5)

34(5)

34(5)

35 (5)

34 (5)

35 (5)

614
701
850
1165
1168

615
702
844
1171
1160

616
703
843
1146
1131

614
714
873
1196
1185

616
710
860
1177
1165

616
711
863
1163
1148

GP
(1 & 4 vs
2 & 5 vs
3 & 6)

IMP
(1 2 3 vs
4 5 6)

IMP
by GP
Interaction

1 & 4 vs
2 3 5&6

3 & 6 vs
124&5

.98
.66
.45
.59
.69

.99
.99
.95
.79
.67

1.00
.99
.99
.95
.98

.94
.97
.75
.63
.49

.95
.98
.89
.51
.42

3.10
3.55
3.37
3.09
3.08
3.20
3.20

3.11
3.39
3.28
3.20
3.06
3.23
3.15

3.11
3.33
3.24
2.98
2.79
3.08
2.98

3.56
3.78
3.69
3.17
3.03
3.38
3.30

3.35
3.59
3.49
3.10
2.96
3.26
3.17

3.39
3.63
3.53
2.92
2.77
3.18
3.08

.02
.07
.02
.84
.59
.26
.42

.81
.40
.44
.24
.12
.32
.16

.75
.94
.91
.75
.95
.78
.92

.530
.181
.210
.476
.183
.272
.128

.84
.46
.53
.01
.05
.15
.08

18.28
19.09
18.77
20.30
19.68

19.07
19.13
19.11
21.30
20.41

18.31
19.02
18.74
20.16
19.59

19.11
19.58
19.39
21.08
20.40

18.89
9.76
19.41
21.23
20.49

18.92
19.62
19.34
21.98
20.31

.52
.37
.42
.36
.37

.89
.98
.95
.55
.73

.80
.99
.97
.76
.86

.88
.94
.91
.70
.78

.75
.91
.84
.49
.62

.03
.09
.01
.16
.96

.57
.08
.05
.18
.001

.94
.85
.98
.82
.89

.33
.03
.02
.22
.01

.91
.28
.39
.07
.01

5.90
5.37
5.56cd
6.37
6.15c

6.15
5.67
5.84d
6.38
6.49e

5.97
5.73
5.80d
6.60
6.61e

5.38
5.19
5.25c
6.48
6.20cd

5.65
5.52
5.56cd
6.61
6.45de

5.61
5.42
5.48cd
6.95
6.60e

aC

= Synovex-C, H= Synovex-H, F = Finaplix-H, and MGA = Melengestrol acetate, fed from day 28 to 170.
on hot carcass weight and 62% dress.
cdeMeans within a row with different superscripts differ (P < .05).
bBased

Table 4. Initial implant and overall growth promoting regimen (GP) effects on carcass characteristicsa.
Treatment (Trt) Group
Feed additive:
Implant (day 0):
Implant ( day 70):
Trt No.:
Hot carcass weight, lb
Dressing percentage
Fat thickness, in
KPH, %
Rib-eye area, in
Marbling scoree
Quality gradef
Yield grade
Liver abscesses, %g
Dark cutter, %g
Quality grade, %g
Prime (Pr)
Choice
Select
Standard (Std)
Choice+Pr
Select+Std

None

MGA

None

MGA

Contrast P-Values by treatment number

C
H/F
1

C
H/F
2

C
F
3

H
H/F
4

H
H/F
5

H
F
6

723.9
62.13
0.38
2.37
13.01c
506
18.20
2.20c
0.00
40.00

720.0
61.43
0.40
2.31
12.14b
520
18.32
2.38cd
0.00
52.38

702.0
61.15
0.45
2.41
11.90b
514
18.36
2.52d
5.71
43.81

734.8
61.42
0.33
2.10
13.26c
495
18.00
1.91b
5.71
42.86

722.2
61.37
0.47
2.25
12.28b
532
18.58
2.24c
2.86
38.09

711.9
61.22
0.39
2.40
11.95b
512
18.40
2.30cd
14.29
45.71

0.0
61.8
35.3
2.9
61.8
38.2

0.0
57.1
40.0
2.9
67.1
42.9

0.0
64.7
35.3
0.0
64.7
35.3

0.0
54.3
45.7
0.0
54.3
45.7

2.9
58.8
38.2
0.0
61.7
38.2

0.0
57.1
42.9
0.0
57.1
42.9

GP
IMP
(1 & 4 vs
IMP
(1 2 3 vs 2 & 5 vs
by GP
1 & 4 vs 3 & 6 vs 2&3 vs
4 5 6)
3 & 6) Interaction 2 3 5&6 1 2 4 & 5 5&6
.70
.48
.68
.14
.53
.97
.90
.07
.05
.63

.68
.34
.05
.20
.01
.24
.39
.02
.04
.87

.99
.58
.09
.34
.95
.73
.65
.90
—
—

.49
.17
.02
.20
.01
.15
.85
.01
.34
.60

.42
.26
.36
.09
.01
.98
.80
.04
.01
.84

—
—
—
—
—
—
—
—
.15
.45

.31
.24
.47
1.00
. 27
.23

.36
.60
.43
.59
.66
.48

—
—
—
—
—
—

.47
.50
.50
.63
.44
.44

.48
.92
.92
.62
1.00
1.00

.31
.42
.44
.31
.45
.41

aC

= Synovex-C, H = Synovex-H, F = Finaplix-H, and MGA = Melendgestrol acetate, fed from day 28 to 170.
within a row with different superscripts differ (P < .05).
e450 = Slight average, 550 = Small average, 650 = Modest average.
f17 = Select average, 18 = Select high, 19 = Choice low.
gP-values based on chi-square analysis.
b,c,dMeans

(Continued on next page)
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Table 5. Effect of initial implant (IMP) and overall growth promoting regimen (GP) on ovary development and functiona,
Treatment (Trt) group
Feed additive:

None

MGA

None

MGA

Chi-square (P-values) by treatment number

C
H/F
1

C
H/F
2

C
F
3

H
H/F
4

H
H/F
5

H
F
6

GP
I MP
(1 2 3 vs
4 5 6)

(1 & 4 vs
2 & 5 vs
3 & 6)

1 & 4 vs
2 3 5&6

3 & 6 vs
124&5

2&3 vs
5&6

Missing, %
0.0
Very immature,(<15mm),%
0.0
Immature, (15-20mm), %
5.7
Mature, (>20mm, no follicle), % 28.6

0.0
0.0
0.0
35.3

0.0
0.0
0.0
17.6

2.9
0.0
5.7
34.3

0.0
0.0
5.9
38.2

0.0
0.0
0.0
20.6

.31
—
.36
.66

.35
—
.08
.41

.15
—
.05
.35

.48
—
.08
.02

—
—
.14
.49

2.9
0.0

0.0
0.0

2.9
0.0

2.9
0.0

5.9
0.0

.67
—

.83
—

.54
—

.79
—

.26
—

Implant (day 0):
Implant ( day 70):
Trt No.:

Mature (multiple follicle), %
Mature (Corpus Luteum), %
aC=

5.7
0.0

Synovex-C, H = Synovex-H, F = Finaplix-H, and MGA = Melengestrol acetate, fed from day 28 to 170.

implanting with Finaplix alone reduced
the number of immature ovaries and
number of mature ovaries with no follicle, but increased the number of mature
not fed MGA had the greatest number
of immature ovaries. However, these

conversion (lower feed to gain ratio).
Data suggest optimum growth
promotant systems for heifer calves,
managed under the above-mentioned
conditions, includes an initial implant
with either Synovex-C or Synovex-H,

followed by reimplant with Synovex-H
and Finaplix-H.
1 Mari Lubberstedt, research technician,
Terry Mader, professor, Animal Science and Jill
Heemstra, former research technician, Northeast Research and Extension Center, Concord; and
Kelly Lechtenberg, Consultant Midwest Veterinary
Research, Oakland, Nebraska.

Implant Strategies on Performance and Carcass
Characteristics of Finishing Steers
Rob Cooper
Todd Milton
Frank Prouty1
Synovex® C followed by
Synovex® Plus TM resulted in a
substantial improvement in feed
implant of Synovex® PlusTM or a
reimplant program with Synovex®
S.

days prior to slaughter improved feed
of Synovex® Plus
or a reimplant
program using Synovex® S. Carcass
quality, as measured by the percentage
USDA Choice carcasses and marbling
scores, was unaffected by implant strategy. However, implanting steers with
Synovex® Plus as a single implant
or in a reimplant program increased
carcass weight were increased without
decreasing carcass merit.

Summary

Introduction

ducted to evaluate implant strategies
on performance and carcass characteristics of yearling steers. Implanting
steers with Synovex® C initially and then
reimplanting with Synovex® Plus 75

The use of growth-promoting implants has been widely adapted by
the cattle feeding industry. Managing
implant strategies requires matching
payout, animal performance and carcass
merit. Several growth-promoting im-
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plants varying in dosage and hormonal
composition are available. Numerous
in performance with a combination of
trenbolone acetate and estradiol compared to estradiol alone. However, the
percentage of cattle grading Choice can
be reduced with this combination. Recently, experiments have demonstrated
improved performance, and little change
in carcass merit, when steers were implanted with a low-dose estrogen followed by a combination of trenbolone
acetate and estradiol, compared to a
single combination implant administered
at the beginning of the feeding period.
In most of these experiments, Ralgro®
has been the initial source of low-dose
estrogen. Because Synovex® C is similar in estrogenic activity to Ralgro®, it
may be an effective source of low-dose
estrogen as an initial implant in a reim-

plant program.
Objectives of this trial were to: 1)
compare Synovex ® C (Syn-C) and
Ralgro® (Ralgro) as initial sources
of low-dose estrogen and 2) compare
a single administration of Synovex®
PlusTM (Syn-Plus) versus a reimplant
program of Syn-C followed by Syn-Plus
versus a reimplant program using only
Synovex® S (Syn-S).
Procedure
One hundred and eighty crossbred
yearling steers (average initial weight =
722 lb) were used in a randomized complete block design to evaluate implant
strategies on performance and carcass

of the FDA, and thus, these steers were
implanted only on day one with Ralgro.
Steers were fed for 75 days following the second implant. Final 145-day
body weights were measured on two
consecutive days prior to feeding and
pencil shrunk 4 percent. Additionally,
ing hot carcass weight adjusted to a
common dressing percentage (63). All
steers were slaughtered in a commercial
processing facility. Hot carcass weights
and incidence of liver abscesses were
recorded at slaughter. Following a 24hour chill, fat thickness, longissimus
muscle area, yield grade, USDA quality
grade, marbling score and maturity score
were measured.
Results

weight replicates. Within each replicate,
one of four pens (nine steers per pen) such
that average pen weights were similar.
Pens were randomly assigned to one of
treatment): 1) Syn-S on day one and
day 70, 2) Ralgro on day one followed
by Syn-Plus on day 70, 3) Syn-C on day
one followed by Syn-Plus on day 70 and
4) Syn-Plus on day one only.
cent dry-rolled corn, 22.5 percent wet
corn gluten feed, 7.5 percent alfalfa hay,
3 percent tallow and 4 percent dry supplement (DM basis) and was formulated to
contain 13.5 percent crude protein, 6.8
percent degradable intake protein, .7
percent calcium, .4 percent phosphorus,
.7 percent potassium, 29 g/ton Rumensin and 10 g/ton Tylan. Steers were
brought up to full-feed in 17 days using
four step-up diets containing 45, 35, 25
and 15 percent alfalfa hay (DM basis).
Steers were fed once daily and allowed
ad libitum access to feed and water. Feed
refusals were collected and weighed as
needed throughout the trial.
Steers were weighed initially on two
consecutive days after being limit-fed
at 2 percent of body weight for six days
Interim body weights were determined
on day 70 when appropriate reimplant
treatments were applied. Treatment 2
(Ralgro followed by Syn-Plus) was not
reimplanted on day 70 under direction

The effects of implant strategy on
feedlot performance during the 145-day

Syn-S on day one and 70 were greater (P
< .05) than those implanted with Ralgro.
However, when expressed as a percentage of average body weight, dry matter
intakes were similar among implant
strategies. Daily gains, expressed on
both a live and carcass-adjusted basis,
of steers implanted with Syn-Plus on
day one or 70 were 4.3 to 6.6 percent
higher (P < .01) than those implanted
with Syn-S on day one and 70, and 18 to
19 percent higher than those implanted
with Ralgro only. Daily gains of steers
implanted with Syn-C followed by SynPlus on day 70 and those implanted with
Synovex Plus on day one were similar.
Implanting steers with Syn-S on day one
and 70 improved (P < .01) daily gains
11 (live basis) and 12 percent (carcass
basis) compared to those implanted with
Ralgro only. Implanting steers with SynC followed by Syn-Plus improved (P <
basis and tended (P = .06) to improve

1. Under direction from the FDA, steers
receiving Ralgro on day one were not
reimplanted with Syn-Plus on day 70.
Steers implanted with Syn-Plus on
day one consumed more (P < .05) feed
than those implanted with Ralgro and
those initially implanted with Syn-C
followed by Syn-Plus (Table 1). Dry
matter intakes of steers implanted with

basis compared to those implanted with
Syn-Plus on day one. Implanting steers
with Syn-S on day one and 70 improved
(P
live basis and 5.2 percent on a carcass
basis compared to those implanted with
Ralgro only.
The effects of implant strategy
(Continued on next page)

Implant Strategya
Initial implant
Reimplant
Number of pens
Number of steers
Initial weight, lb
Final weightb, lb
DM intake
lb/hd/day
% of BW
Daily gain, lb
Feed DM/gain

1
Syn-S
Syn-S
5
45
723
1315e

2
Ralgro
None
5
45
721
1248d

3
Syn-C
Syn-Plus

4
Syn-Plus
None

5
45
720
1339f

5
45
723
1343f

SEM

.8
5.1

25.9ij
2.54
4.09e
6.34i

24.5h
2.53
3.63d
6.75h

25.5i
2.43
4.27f
5.97k

26.4j
2.55
4.27f
6.18j

.22
.04
.03
.04

Carcass adjusted performancec
Final weight, lb
1317e
Daily gain, lb
4.10e
Feed DM/gain
6.32e

1255d
3.68d
6.67d

1353f
4.37f
5.84f

1359f
4.38f
6.03f

6.1
.04
.06

aImplant

strategy: Syn-S = Synovex® S; Ralgro = Ralgro®; Syn-C = Synovex® C; Syn-Plus = Synovex®
PlusTM; None = no implant.
bPencil shrunk 4%.
c

d,e,fMeans

in a row not bearing a common superscript differ (P < .01).
in a row not bearing a common superscript differ (P < .05).

h,i,j,kMeans
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on interim feedlot performance are
70 days on feed, dry matter intakes
as a percentage of body weight were
similar among implant strategies. Steers
implanted with Syn-Plus gained faster
(P
P < .01)
than those given implants containing
estrogen only. Daily gains of steers
implanted with Syn-S were higher (P <
.05) than those implanted with Ralgro,
but were similar to those implanted with
Syn-C. Additionally, daily gain of steers
implanted with Syn-C tended (P = .12)
to be higher than those implanted with
for steers implanted with any of the three
estrogenic compounds.
implanted with Syn-S on day one and
70 and Syn-Plus on day one consumed
more (P < .05) feed than those implanted
with Ralgro only, whereas dry matter
intake of steers implanted initially with
Syn-C followed by Syn-Plus on day 70
was intermediate. Similar to the overall
intakes as a percentage of body weight
were similar among implant strategies.
Steers implanted with Syn-C followed
by Syn-Plus on day 70 gained faster (P
P < .01)
than those receiving the other implant
strategies. Implanting steers with Syn-C
followed by Syn-Plus on day 70 resulted
in a .71 or .42 lb/day increase in daily
gain and 22 or 12 percent improvement
on day one or with Syn-S on day one
and 70, respectively. Steers reimplanted
with Syn-S on day 70 gained faster (P <
P < .01) than
those implanted with Ralgro or Syn-Plus
feed, steers implanted with Syn-Plus on
day one maintained their advantage in
daily gain (P
(P = .01) above those implanted on day
one with Ralgro only.
Short intervals between body weight
measurements can be misleading.
However, these interim data clearly
demonstrate steers were becoming less
weight. Delaying the administration of
Syn-Plus until day 70 reduced the magnitude of this change compared to both a
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Implant strategya
Initial implant
Reimplant
Period 1 (Day 1-70)
Weight, lb
DM intake
lb/hd/day
% of BW
Daily gain, lb
Feed DM/gain
Period 2 (Day 71-145)
Weight, lb
DM intake
lb/hd/d
% of BW
Daily gain, lb
Feed DM/gain

1
Syn-S
Syn-S
1064c
25.0gh
2.82
4.88g
5.12b
1315c
26.8gh
2.27
3.35h
8.00c

2
Ralgro
None
1048b
24.1f
2.75
4.67f
5.16b
1248b
24.9f
2.22
2.67f
9.35b

3
Syn-C
Syn-Plus

4
Syn-Plus
None

1056bc

1113d

24.6fg
2.75
4.81fg
5.11b
1339d
26.4g
2.17
3.77i
7.00e

SEM
4.0

25.5h
2.76
5.57h
4.57c
1343d

.24
.03
.06
.05
5.1

27.3h
2.22
3.06g
8.93d

.27
.05
.07
.17

aImplant

strategy: Syn-S = Synovex® S; Ralgro = Ralgro®; Syn-C = Synovex® C; Syn-Plus = Synovex®
PlusTM; None = no implant.
b,c,d,eMeans in a row not bearing a common superscript differ (P < .01).
f,g,h,iMeans in a row not bearing a common superscript differ (P < .05).

Implant strategya
Initial implant
Reimplant
Hot Carcass wt, lb
Dressing percentage
12th rib fat thickness, in
KPH fatb
Longissimus muscle area
square inches
sq. in./cwt HCW
Yield grade
Maturity
Skeletal
Lean
Overall
Marbling scorec
Percent Choicei
Liver abscessesj, %

1
Syn-S
Syn-S

2
Ralgro
None

830e

791d

3
Syn-C
Syn-Plus
852f

4
Syn-Plus
None
856f

SEM

63.09
.62
2.30

63.34
.62
2.31

63.62
.63
2.30

63.73
.61
2.32

3.9
.20
.02
.05

12.29gh
1.49
3.00

11.95g
1.51
3.04

12.77h
1.49
2.91

12.61h
1.48
3.00

.17
.02
.08

A68
A57
A62
5.47
79.6
6.7

A65
A58
A62
5.45
75.6
2.2

A69
A56
A62
5.32
68.9
0

A67
A58
A62
5.48
73.3
4.4

.02
.02
.01
.15
—
—

aImplant

strategy: Syn-S = Synovex® S; Ralgro = Ralgro®; Syn-C = Synovex® C; Syn-Plus = Synovex®
PlusTM; None = no implant.
bKPH = kidney, heart, and pelvic.
cMarbling score of 5.0 = Small 0; 5.5 = Small 50; etc.
d,e,fMeans in a row not bearing a common superscript differ (P < .01).
g,hMeans in a row not bearing a common superscript differ (P < .05).
iChi square statistic (P = .71).
jChi square statistic (P = .32).

single implant of Syn-Plus initially and
a reimplant program using Syn-S.
Syn-Plus, administered on day one
or 70, increased hot carcass weight
(P < .01) compared to Ralgro only or a
reimplant program using Syn-S (Table
3). Additionally, hot carcass weights
of steers implanted with Syn-S were
greater (P < .01) than those implanted

with Ralgro only. Implanting steers with
Syn-Plus on day one or 70 increased (Chi
square statistic; P < .01) the distribution
of carcasses weighing between 800 and
900 pounds. However, there was no substantial impact of Syn-Plus, administered
on day 0 or 70 on overweight carcasses
(>950 lb).
Longissimus muscle area (square

inches) was increased by implanting with
Syn-Plus on day one or 70 compared to
those implanted with estrogenic compounds. However, expressed in square
inches/100 lb of hot carcass weight, longissimus muscle area was unaffected by
of implant on twelfth rib fat thickness,
kidney, heart and pelvic fat, yield grade,
lean and skeletal maturity, marbling
score, percentage of abscessed livers

or the percentage of carcasses grading
USDA Choice.
Implanting steers with Syn-C initially
and then reimplanting with Syn-Plus 75
days prior to slaughter resulted in a subcompared to a single implant of Syn-Plus
or a reimplant program using Syn-S.
Carcass quality, as measured by the
percentage of USDA Choice carcasses
and marbling scores, was unaffected

by implant strategy. Increased carcass
weight without substantial changes in
carcass quality should increase economic
return when Syn-Plus is utilized as a
single implant or in a reimplant program
with Syn-C initially compared to reimplant programs using Syn-S.
1Rob Cooper, research technician, Animal
Science, Lincoln; Todd Milton, assistant professor,
Animal Science, Lincoln; Frank Prouty, Fort Dodge
Animal Health, Overland Park, Kansas.

Feedlot Marketing/Sorting Systems to Reduce
Carcass Discounts
Rob Cooper
Terry Klopfenstein
Todd Milton
Dillon Feuz1
Potential Yield Grade 4 carcasses
Fat depth determined approximately
90 days prior to slaughter did not
correlate to carcass fat depth.
Summary
A project involving 4,348 cattle and
was conducted to evaluate marketing/
sorting systems to reduce overweight
and overfat carcasses . At reimplant
time, cattle were weighed and fat depth
estimated either by ultrasound or by
manual rib palpation. Cattle heavier
and/or fatter than a predetermined

Introduction
Our objective was to evaluate feedlot
marketing/sorting systems. The primary
goal of these systems is not to optimize
marketing, which attempts to obtain
maximum value for each individual
animal, but to avoid carcass discounts.
The primary discounts addressed were
overweight and overfat carcasses. While
underweight and underfat carcasses were
addressed, less emphasis was placed on
these discounts.
Two levels of technology were compared in this project: 1) a fat estimate
made by rib palpation and 2) use of
ultrasound for determination of fat depth
at reimplant time. Objectives were to: 1)
determine if potential discount carcasses
and 2) determine if use of ultrasound
was necessary for accurate fat depth
determination.
Procedure

reduce carcass discounts. Reimplant fat
depth was poorly correlated to carcass
fat depth. At reimplant time (~90 days
prior to slaughter), we were unable to
consistently identify cattle which would
become Yield Grade 4 carcasses.

Five Nebraska feedlots (ranging in
one-time capacity of 3,500 to 25,500
head), participated in the project. Cooperating feedlots were responsible for
cattle procurement. Upon arrival, cattle
were randomly split into three treat-

ment groups: control (no sorting); low
tech sort; and high tech sort. At initial
processing, all cattle were processed
according to the feedlot’s normal protags and individually weighed. All cattle
were sent to their respective pens and
fed according to the feedlot’s normal
procedures.
At reimplant time (or the last time
the cattle were worked before slaughter, which might have been processing
time for some short-fed yearlings), all
cattle were again worked according to
the feedlot’s normal reimplant proceindividually weighed and a fat depth
estimated by hand palpation over the
twelfth and thirteenth ribs. Based on
the average weight and distribution of
weights in the control pen, maximum and
minimum sort weights were determined.
These sort weights were calculated as 1.5
standard deviations from the average,
approximately 8 percent of the cattle
on both ends of the range of weights.
Maximum and minimum sort fat depths
were determined in the same manner.
Cattle in the low tech treatment pen were
individually weighed and a fat depth
estimated by visual appraisal and rib
(Continued on next page)
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palpation. Cattle on the high tech treatment were also individually weighed,
but their fat depth was measured using
ultrasound.
At reimplant time, cattle on the low
into three sale groups: early sale cattle
(overweight and overfat) were given a
purple ear tag; normal sale cattle were
not given a colored tag; and late sale
cattle, (underweight and underfat) were
given an orange ear tag. The sale group
was determined according to the maximum and minimum sort weights and fat
depths determined on the control pen.
If an animal was heavier and/or fatter
than the maximum sort weight and fat
and given a purple tag. Likewise, if an
animal was lighter and/or leaner than
the minimum sort weight and fat depth,
an orange tag. If an animal fell within
the range of both maximum and minimum sort weights and fat depths, it was
colored tag. It is important to note cattle
were not physically sorted at reimplant
groups with colored ear tags and returned
to the same pen.
At market time, the control pen was
sold as an entire pen when the feedlot
decided was the best time to sell them.
The early sale and late sale cattle were
sorted by going into the pen at marketing time and pulling out cattle with
the appropriately color-coded ear tags.
Approximately seven to 14 days before
the control pen was marketed, early sale
cattle in the high and low tech pens were
marketed. Approximately seven to 14
days after the control pen was marketed,
normal sale cattle from both the high and
low tech pens were marketed. Late sale
cattle from the high and low tech pens
were marketed seven to 14 days following normal sale cattle. We hypothesized
that by removing the heavy and fatter
cattle from the high and low tech pens,
the remainder of the pen could be fed
longer than the control pen, increasing
carcass weight without increasing carcass discounts.
Theoretical and actual marketing
dates are shown in Table 1. Unfortu-
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Table 1. Marketing dates for cattle by feedlot and group.
Marketing date (days from control pen)
Group

Early sale

Normal sale

Late sale

Theoretical

-7 to -14

Feedlot A, Group 1
Feedlot A, Group 2
Feedlot B
Feedlot C
High tech
Low tech
Feedlot D, Group 1
Feedlot D, Group 2
Feedlot E, Group 1
Feedlot E, Group 2

7 to 14

14 to 28

-7
-7
0

6
7
0

6
7
0

-23
-29
-15
-14
-5
-8

0
0
6
7
7
-1

—
—
20
21
7
-1

Table 2. Combined results for Feedlot A (Groups 1 and 2), Feedlot D (Groups 1 and 2) and Feedlot
E (Group 1).
Treatment
Item
Head count
Processing weight, lb
Processing fat depth, in
Carcass weight, lb
Carcass fat depth, in
Rib-eye area, square in
Yield gradea
Marbling scoreb
% Yield grade > 4.0
% Carcass weight > 950
% Carcass weight < 550
% Quality grade >Choice
% Quality grade < Select

Control
1087
875

High Tech

Low Tech

1028
866

1017
882

.19

c

.18

.19

780

783

791

.46
13.3
2.8
506
-3.63
4.3
.1
0
56.1
1.2

.47
13.2
2.9
502
-3.67
4.9
.3
.1
58.4
.9

.47
13.3
2.9
506
-3.97
6.3
0
.3
58.0
1.2

aCalculated

from carcass data.
score of 400 = Slight 0; 500 = Small 0; 600 = Modest 0; etc.
cBased on national carcass premium and discounts for slaughter cattle (11 month average; October 1996
through August 1997).
bMarbling

nately, economics, rather than research
sale dates. Only the two groups of cattle
at Feedlot D followed the protocol sale
dates exactly. In the remaining groups,
due to inconvenience and cost, the late
sale cattle were sold with the normal sale
cattle. The group at Feedlot B were all
sold together due to a high market bid and
the owner’s decision to sell. The cattle at
were not randomly split into treatments.
Three pens of steers, already on-feed,
were chosen and assigned to one of the
three treatments. At reimplant time, both
the low tech and high tech pens were
worked twice, each serving as its own
control for determining sort weights and
fat depths. Therefore, these cattle have

several sale dates.
Because of lack of uniformity of
marketing dates, pooling of the data
was not done across all feedlots and
groups. Marketing dates from Feedlot
A (Groups 1 and 2), Feedlot D (Groups
1 and 2) and Feedlot E (Group 1) were
within protocol, excluding the late sale
cattle and therefore, these groups were
pooled for statistical analysis.
Results
presented in Tables 2-4. Overweight
carcasses were not a major factor in
reimplant weight versus carcass weight
ranged from .46 to .86, demonstrating

Table 3. Combined results from high tech treatment for Feedlot A (Groups 1 and 2), Feedlot D
(Groups 1 and 2) and Feedlot E (Group 1).

and low tech treatments, 25.4 and 8.9
percent respectively, of the cattle which

Sort Group
Item
Head count
Processing weight, lb
Processing fat depth, in
Carcass weight, lb
Carcass fat depth, in
Rib-eye area, square in
Yield gradea
Marbling scoreb

Early by Weight

c

% Yield grade > 4.0
% Carcass weight > 950
% Carcass weight < 550
% Quality grade > Choice
% Quality grade < Select

48
1001
.19
852
.52
13.5
3.2
513
-3.39
7.5
0
0
65.6
0

Early by Fat
92
894
.29
779
.61
12.8
3.4
535
-4.92
25.4
0
0
74.7
0

Normal Sale
716
866

Late Sale
181
800

.18

.12

785

752

.47
13.2
2.9
508
-3.18
4.3
0
0
61.7
.4

.39
13.3
2.5
466
-5.63
0
.7
1.0
31.4
1.9

aCalculated

from carcass data.
score of 400 = Slight 0; 500 = Small 0; 600 = Modest 0; etc.
cBased on national carcass premium and discounts for slaughter cattle (11 month average; October 1996
through August 1997).
bMarbling

Table 4. Combined results from low tech treatment for Feedlot A (Groups 1 and 2), Feedlot D
(Groups 1 and 2) and Feedlot E (Group 1).
Sale Group
Item
Head count
Processing weight, lb
Processing fat depth, in
Carcass weight, lb
Carcass fat depth, in
Rib-eye area, square in
Yield gradea
Marbling scoreb
% Yield grade > 4.0
% Carcass weight > 950
% Carcass weight < 550
% Quality grade > Choice
% Quality grade < Select

Early by Weight
100
1004
.21
838

c

.52
13.8
3.0
511
-3.77
8.0
0
0
62.2
1.5

Early by Fat
72
915
.29
801
.57
13.5
3.1
517
-3.91
8.9
0
0
62.3
0

Normal Sale
794
878
.18
791
.46
13.3
2.9
510
-3.94
6.6
0
.2
58.0
.8

Late Sale
68
762
.13
732
.41
12.9
2.6
482
-4.93
0
0
1.7
44.
5.8

aCalculated

from carcass data.
score of 400 = Slight 0; 500 = Small 0; 600 = Modest 0; etc.
cBased on national carcass premium and discounts for slaughter cattle (11 month average; October 1996
through August 1997).
bMarbling

a reasonably good relationship between
reimplant weight and carcass weight.
This suggests cattle heavier at reimplant
time are likely to have heavier carcasses
at slaughter. Therefore, we feel identifying cattle at reimplant time as potential
overweight carcasses is effective.
Overfat carcasses (Yield Grade > 4)
were a much greater problem. Our sorting system was unable to consistently
reduce the number of these discounts. In
most cases, carcasses which had a Yield
into the early sale group. Therefore,
we were unable to identify potential

overfat carcasses at reimplant time.
This generally holds true for both the
high and low tech treatments, although
more overfat carcasses occurred in the
low tech treatment.
It was not possible to determine the
accuracy of identifying cattle which
became Yield Grade 4’s in the high and
low tech treatments because cattle identi21 days earlier than normal sale cattle.
However, in the control treatment, only
20 percent of cattle which became Yield
early sale using rib palpation. In the high

depth at reimplant time, still became
Yield Grade 4’s (Tables 3 and 4). These
carcasses, but were not sold early enough
to prevent the discount.
plant fat depth versus carcass fat depth
were much poorer than for weight.
reimplant fat depth versus carcass fat
depth ranged from .39 to .50, while
tion ranged from .23 to .35. The square
the amount of variation in carcass fatness
explained by the ultrasound or manual
measurement made at reimplant time.
Therefore, ultrasound explained between
15 and 25 percent of the variation in
carcass fat thickness; manual measurements of fat depth explained between 5
and 12 percent. These values are very
poor for determining when cattle should
be marketed. Although the ultrasound
measurement was a slightly better predictor, neither rib palpation nor ultrasound
satisfactorily predicted carcass fat depth
at reimplant time.
This system was unable to consistently reduce the amount of discounts
due to Yield Grade 4 carcasses. There are
two possible explanations: 1) fat depth
determinations at reimplant time were
inaccurate or 2) the cattle deposited fat
at different rates from reimplant time
to slaughter. In the past, ultrasound has
been shown to be reasonably accurate
in fat depth determination. We feel the
greater source of error is in the rate of
fattening. It may be invalid to assume
fatter cattle at reimplant time will have
fatter carcasses approximately 90 days
later. It is our conclusion that potential
Yield Grade 4 carcasses cannot be conat least not with fat depth as the single
measurement.
1Rob Cooper, research technician, Terry
Klopfenstein, professor, Todd Milton, assistant
professor, Animal Science, Lincoln; Dillon Feuz,
assistant professor, Agricultural Economics, Panhandle Research and Extension Center, Scottsbluff,
Nebraska.
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Effects of Matching Protein to Requirements
on Performance and Waste Management
in the Feedlot
Galen Erickson
Terry Klopfenstein
Todd Milton
Dan Herold1,2
Decreasing dietary protein to not
exceed requirements predicted by
the 1996 NRC computer model
decreased nitrogen excretion and
improved nitrogen balance.
Summary
Four experiments were conducted,
two with calves in the winter/spring and
two with yearlings during the summer, to
evaluate the effects of decreasing protein
levels on nutrient balance in the feedlot.
percent protein; the experimental diets
were formulated using the 1996 NRC
model to predict protein requirements.
Nutrient balances for organic matter
(OM) and nitrogen (N) were measured.
Nitrogen intake and subsequent excretion were decreased with steers fed the
experimental treatment. During the
summer more N was removed from pens
on the experimental treatment since
OM excretion was greater which led
to decreased N volatilization. N losses
were lower in the winter/spring feeding
periods when expressed as percentage
volatilized.
Introduction
With the concentration of the feedlot
industry into fewer acres and fewer producers, waste management is becoming
an increasingly important issue. Feedlot
design has advanced to handle the nutrient concentration from manure in these
feedlots, particularly surface runoff
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and leaching. From a cost perspective,
minimizing total manure production and
removal time is advantageous. Since
manure has been and will continue to
be used as a crop fertilizer in feedlot
areas, concentrations of nitrogen (N) and
phosphorus (P) are critical. In particular,
the N:P ratio is important as most crops
require a 5:1 ratio although most manure
contains a 2:1 ratio or less.
When manure is used as a fertilizer,
either excess P is applied to the land base
or extra fertilizer N needs to be applied
to optimize crop yields. The reason the
ratio is typically much lower than 5:1 is
because 50 to 70 percent of the N volatilizes from the pen after excretion in either
the feces or urine, whereas phosphorus
does not volatilize. Increasing the N or
decreasing the P will add value to the
manure relative to crop needs. From an
environmental perspective, decreasing
total N and P excretion would be advantageous to improve the sustainability of
the industry.
The animal’s requirement changes
with age and time on feed. Calves have
a higher requirement for MP than yearlings. At the same time, calves require
than at the beginning. Therefore, if the
diet is to meet requirements, it must
change between calves and yearlings
as well as with time on feed. This is
commonly referred to as “phase feeding.” Understanding this system allows
nutritionists to more effectively optimize performance without overfeeding
nutrients.
Our objective was to balance a diet to
meet the DIP and UIP requirements without overfeeding protein and phosphorus,
and to determine the effects on animal
performance and, more importantly,
waste management in the feedlot.

Procedure
Four experiments were conducted,
two with 96 yearling steers fed through
the summer months and two with 96
calves fed through the winter/spring
months. Steers were randomly assigned
(eight head/pen) to either the control
(CON) or the experimental treatment
(EXP). Yearlings were fed for an average of 137 days from May to October
and implanted twice with Revalor-S,
with the second implant approximately
70 days from slaughter. Yearlings were
stepped-up on energy in 21 days with
four diets containing 45, 35, 25 and 15
percent alfalfa hay which were fed for
three, four, seven and seven days respectively. The control diet (Table 1) was
formulated to provide 13.5 percent crude
protein and 0.35 percent phosphorus
(P) with all supplemental protein from
urea. The control diet was considered
typical for this region, based on three
published surveys. The experimental
diet was formulated using the 1996
NRC model to not exceed DIP and UIP
requirements. Since protein from HMC
is lower in UIP and the requirement for
UIP is also lower for yearlings, DRC was
used in CON whereas the EXP contained
HMC to minimize overfeeding of UIP.
Likewise since both DRC and HMC
contain 0.25 to 0.30 percent P and the
requirement is 0.23 percent P, the EXP
treatment also contained corn bran (0.10
percent P) to meet, but not exceed, the
P requirement predicted by the NRC
model. Since the P requirement changes
1, 2 and 3 were fed for 28, 28 and an
average of 54 days, respectively, with
corn bran replacing HMC.
In the two calf trials, steers were fed
for an average of 192 days from November to May. Steers were implanted twice

Table 1. Diet composition (percent of DM) for yearlings and calves.
Yearlings

Calves

Exp
Itema

CON

DRC
HMC
C.bran
Liq-32
Molasses
Fat
Alfalfa
Suppl.
Urea
FM
BM
Dical P

81.3

CP (%)
UIP (%)b
P (%)

13.6
4.48
.34

Exp

1

2

3

67.4
17.2

64.6
19.9

61.4
23.1

CON

1

2

3

4

5

6

7

8

82.5

82.5

82.5

82.5

82.5

59.5
16.5
6.5

35.0
36.5
11.0

4.5
61.0
17.0

57.5
25.0

6.2

5.0

7.5
5.0
.52

3.0
7.5
5.0
.76

3.0
7.5
5.0
.76

3.0
7.5
5.0
.76

.48
11.2

11.9
3.67
.24

.24

11.5
.22

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

7.5
5.0
.29
1.40
.18
.47

7.5
5.0
.83
1.60
.20
.10

7.5
5.0
.88
1.15
.14
.04

7.5
5.0
.91
.75
.10

7.5
5.0
.96
.18
.02

7.5
5.0
.87

7.5
5.0
.75

7.5
5.0
.62

7.5
5.0
.60

13.4
5.16
.35

12.7
5.51
.26

12.4
5.23
.25

12.1
4.99
.24

11.7
4.64
.24

11.5
4.11
.23

11.2
3.68
.22

10.8
3.11
.21

10.9
3.02
.20

aCON

is control, EXP is experimental, DRC is dry-rolled corn, HMC is high-moisture corn, c. bran is corn bran, Liquid-32 is a molasses based supplement,
FM is feather meal, and BM is blood meal.

b

with Revalor-S, with the second implant
approximately 85 days from slaughter.
percent alfalfa) similar to the yearling
trials except each diet was fed for seven
days. The control diet was formulated to
provide 0.35 percent P and 13.5 percent
crude protein; however, supplemental CP
was from urea, 1.4 percent feather meal
(FM), and 0.18 percent blood meal (BM)
on a DM basis to provide UIP throughout
the 192 days. The experimental diet was
formulated using the 1996 NRC model
to meet changing calf requirements.
until slaughter. Since calves initially
require more UIP as a percentage of total

protein fed, DRC was used and graduseven. Likewise, the P requirement also
decreases with increasing weight of the
animal so DRC and HMC were gradually replaced with corn bran to prevent
overfeeding of P. During the second year,
initial weights than in year one.
Initial weights were an average of
weights on two consecutive days followslaughter, hot carcass weights and liver
scores were recorded. Quality grade,
yield grade and fat thickness at the twelfth
rib were recorded following a 48-hour
chill. Final weights were calculated as

Table 2. Performance of calves and yearlings fed either conventional protein levels (CON) or the
experimental diets (EXP) combined across both years.
Yearlings
Item
Initial weight,lb
Final weight,lb
DM Intake,lb
ADG,lb
Feed/gaina
Fat thickness,inb
Quality gradec
Hot carcass wt.,lb
aAnalyzed

SE

Calves

CON

EXP

CON

EXP

694
1242
25.2
3.98
6.33

697
1256
24.5
4.07
6.02

1.8
7.4
.2
.05

P=

.17 605
.17 1264
.03
20.3
.27
3.45
.01
5.88

608
1258
20.7
3.40
6.10

1.7
8.5
.2
.04

.25
.60
.21
.43
.04

.49
18.2
770

.50
17.9
779

.01
.1
4.6

.61
.26
.17

.47
18.0
780

.01
.1
5.3

.16
.12
.60

.50
18.2
784

as gain to feed, the reciprocal of feed to gain.
depth at the twelfth rib in inches.
cQuality grades: Choice = 20; Choice- =19; Select+ = 18; Select = 17
bFat

SE

P=

hot carcass weight divided by a common
dressing percentage (62).
Steers were fed in 12 waste management pens. Soil in pens was core sampled
(0 to 6 inches) before the trial to estimate
nutrient concentration on the pen surface.
The animals were then fed in those pens
for an average of 132 days over the summer or 183 days over the winter/spring,
after which pens were cleaned. Manure
was sampled during removal and pen
soil samples were again collected to estimate nutrient balances after the feeding
period. Soil sampling allows adjustment
for inevitable cleaning differences from
pen to pen. These pens also contain runoff collection basins to determine total
runoff from pens on different treatments.
Due to pen design, two pens drain into
one pond; therefore dietary treatments
were assigned in blocks of two pens. All
samples including feed and orts were
analyzed for N and OM.
Results
Gain and carcass characteristics were
unaffected by dietary treatment in both
yearling and both calf trials (Table 2).
Dry matter intake was reduced (P=.03)
for EXP yearlings compared to CON
yearlings which led to an improvement
on the EXP treatment. This improved
(Continued on next pge)
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addition of corn bran, which replaced
dietary starch, and may have decreased
acidosis-related problems with EXP
steers. Yearlings on the EXP treatment
were also fed HMC which may have
Although gain and DMI were unaffected by dietary treatment for the two
calves fed the EXP. The increased feed
to gain ratio is primarily due to year two
where calf gains were reduced due to the
wet, muddy winter and spring in 1998.
may be explained by the corn bran adbran in preventing subacute acidosis in
the calves as compared to the yearlings.
Corn bran decreases energy supply, but
normally maintains gains due to the
low inclusion rate (<20 percent) and
a reduction in subacute acidosis from
starch fermentation. With calves, the
response to corn bran is normally lower
than with yearlings, and combined with a
higher maintenance energy requirement
during year two for the EXP treatment.
Total protein intake was considerably
higher during year 2 due to ingredient
composition compared to year one (no
differences were observed in gain or efto the energy differences between the two
diets and not a result of feeding a lower
protein diet. However, our goal was not
to conduct a nutrition study to determine
protein requirements but to maintain
equal performance and illustrate how
dietary nitrogen (protein) can be reduced
and how this affects nitrogen balance in
the system.
Nitrogen intake, expressed as total
pounds per head, was reduced by feeding
the EXP in yearling and calf trials (Table
3). Nitrogen retention in the animal was
unaffected since gains were unaffected
by treatment; however, calves retained
more N than yearlings since more muscle
tissue was deposited. Therefore, feeding EXP reduced N excretion by 13.5
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Table 3. Nitrogen (N) balance in the feedlot for the yearling and calf trials separated by dietary
treatment (all values expressed as pounds per head over the entire feeding period).
Yearlings

Calves

Item

CON

EXP

SE

Intake
Retentiona
Excretionb

72.82
7.90
64.92

59.39
7.92
51.47

.59
.05
.57

Manure
Soilc
Runoff
Volatilizedd
% volatilized

12.91
3.85
2.12
46.04
70.9

19.61
-.89
1.51
31.25
60.7

.73
1.42
.22
1.62

P=

CON

EXP

SE

P=

.01
.80
.01

81.40
10.14
71.26

72.23
10.04
62.18

.84
.06
.81

.01
.28
.01

.01
.03
.07
.01

43.51
-3.66
2.10
29.31
41.1

41.53
-6.46
2.21
24.91
40.1

2.64
1.76
.23
3.05

.60
.28
.74
.32

aN

retention based on ADG, NRC equation for retained energy and retained protein.
excretion calculated as intake minus retention.
cSoil is core balance on pen surface before and after trial; negative values suggest removal of nutrient
present before trial.
dVolatilized calculated as excretion minus manure minus soil minus runoff.
bN

Table 4. Organic matter (OM) balance in the feedlot for the yearling and calf trials separated
by dietary treatment (all values expressed as pounds per head over the entire feeding
period).
Yearlings
Item
Intake
Excreteda
Manure
Soilb
Runoff
Volatilizedc

CON
3221.7
665.6
242.3
41.6
44.4
337.3

Calves

EXP

SE

3080.5
920.2
395.4
-73.9
32.1
566.5

27.1
7.0
13.7
31.5
4.8
34.6

P=

CON

.01 3322.6
.01 747.0
.01 808.1
.02
-74.5
.08
18.4
.01
38.2

EXP

SE

3512.8
935.9
873.2
-85.4
27.5
67.1

36.7
9.0
51.8
37.2
2.6
55.0

P=
.01
.01
.38
.83
.02
.71

aOM

excretion calculated from digestibility data from corn and corn bran diets.
is core balance on pen surface before and after trial; negative values suggest removal of nutrient
present before trial.

bSoil

pounds (.1 lb/d) in the yearling trials
and 9 pounds (.05lb/d) in the calf trials.
Organic matter excretion was increased
by feeding EXP (Table 4) because corn
bran, which is less digestible than corn
grain, replaced part of the dietary corn.
The increased OM excretion resulted in
more OM and N to be removed in manure
during the yearling summer trials. Manure N and OM were increased by 152
percent and 163 percent, respectively,
by feeding less digestible OM in EXP
relative to CON. No improvement in N
captured in manure due to dietary treatment was observed during the winter calf
trials. We believe the increased manure
N during the summer is the result of
increased OM on the pen surface. Also,
the large amount of manure N removed

in the spring following the calf trials is
a function of the decreased losses due to
the colder ambient temperature and more
removed in the pen soil not excreted by
the animal. Nitrogen volatilization was
still 40 to 41 percent during the winter
and was numerically lower (25 versus 29
lb) for EXP compared to CON treatment
for calves. Nitrogen and OM leaving the
feedlot via surface runoff are not large
portions of total excretions (<3.5 and
<7 percent for N and OM, respectively).
Additionally, the majority of N losses
from feedlot pens is via volatilization as
ammonia and other N-containing gases
during the summer, with estimates of
70.9 and 60.7 percent for CON and EXP,
respectively. When expressed in pounds,
EXP resulted in only 31 pounds of N

volatilization versus 46 pounds per head
for CON. This decrease can be primarily
attributed to the decrease in N excreted
by the steers and some improvement in
N captured in manure.
Dietary N and indigestibility of
dietary OM, rather than ingredient composition, runoff amounts and variation
in pen cleaning, may be the largest facbecause considerable differences from
year one to year two were observed in
all measurements for nutrient balance
except the manure data. Averaged across
both treatments, N in manure for the
summer trials were 16.13 and 16.39 +
.73 lb per head for years one and two,
respectively. Organic matter in manure
was 323 (year 1) and 315 (year 2) + 14
pounds per head for the summer. Likewise, N in manure from the winter/spring
trials were 39.6 and 45.4 + 2.6 pounds
for years one and two, respectively.
It appears decreasing dietary protein
to animal requirements will decrease
nitrogen excretion. With less nitrogen excreted, nitrogen losses via volatilization
can be minimized. However, it appears
there is an interaction between OM and
N on the pen surface. If OM excretion
is increased, more N will be “trapped”
in the manure and may eventually be
utilized as fertilizer N, improving nutrient balance by decreasing losses from
the feedlot. Volatilization is more of an
issue during the summer months, due to
ambient temperature, but some N losses
occur year-round through volatilization
or runoff (what little may occur).

1Galen Erickson, graduate student, Terry
Klopfenstein, professor, Todd Milton, assistant
professor, Dan Herold, research technician, Animal
Science, Lincoln.
2Author would like to acknowledge the
tremendous help of the feedlot and lab personnel
in collection and analysis of a large number of
samples.

N-alkane as an Internal Marker
for Predicting Digestibility of
Forages
Russell Sandberg
Don Adams
Terry Klopfenstein
Rick Grant1
N-alkanes may be used as internal markers to predict forage
digestibility and may be a suitable
alternative to other traditionally
used internal markers.
Summary
Independent digestion trials were
conducted with three immature grasses,
mature grass hay, and alfalfa hay to
compare n-alkane with indigestible ADF
(IADF) as internal markers to predict
in vivo dry matter digestibility (DMD).
Forage DMD estimated with n-alkane
ratios were lower than in vivo DMD.
N-alkanes predicted higher DMD
than IADF for alfalfa hay and two of
the immature grasses. Comparison of
freeze-drying and oven-drying on fecal
n-alkane concentrations showed ovendrying reduced amounts of n-alkane
extracted for alfalfa hay but had no effect
on grass hay. Although fecal recovery of
markers was incomplete, more n-alkane
was recovered than IADF.
Introduction
Forage dry matter digestibility
(DMD) is an essential tool for assessing
the nutrient status of grazing animals.
While many different methods have
been developed to estimate DMD, errors
present due to variation in dry matter
intake, physical form of the forage, and
age and species of the animals can be
corrected with an internal marker (indigestible plant component recoverable

in the feces). Several internal markers,
such as acid insoluble ash, lignin and
investigated for their potential to estimate
digestibility; however, none of these
markers exhibit the characteristics of an
ideal internal marker.
In recent years, it has been proposed
long chain hydrocarbons (n-alkanes)
found in plant cuticular wax may be utilized as internal markers. The n-alkanes
found in most pasture species have oddnumbered carbon chains containing 2535 carbon atoms. Because fecal recovery
of n-alkanes improves with increasing
chain length, C32:C33 is usually selected.
However, C32 and C33 are not always
utilized as internal markers.
The objectives of our study were to
identify which n-alkane was present in
nal marker, compare its effectiveness as
an internal marker with indigestible acid
differing in maturity, compare effects
of different drying methods on n-alkane
extraction from feces and determine if
n-alkane disappearance observed during
passage through the gastrointestinal tract
occurs in the rumen.
Procedure
Five yearling steers (avg body weight
= 925 lb) were housed individually in
digestion trials using mixed grasses
from subirrigated meadow (meadow),
meadow regrowth and native Sandhills
range (range), mature mixed grass hay
from meadow and alfalfa hay. The meadow, range, and meadow regrowth trials
were conducted in 1995 using immature
grasses, beginning June 1, July 1 and
(Continued on next page)
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July 15, respectively, at the Gudmundsen
Sandhills Research Laboratory located
near Whitman, Nebraska. The meadow
hay and alfalfa hay trials were conducted
in September 1996 at the West Central
Research and Extension Center, North
Platte, Nebraska.
Each trial consisted of a 10-day diet
of total fecal collection. Each forage
was limit-fed twice daily at 2 percent of
body weight with forage from meadow,
meadow regrowth and range harvested
0.5 hours before feeding. Feed samples
were collected and frozen before each
feeding, refusals were collected and
frozen before the morning feeding and
feces were collected and frozen twice
daily.
To examine C31 disappearance in the
rumen, forages collected during digestion trials were initially subjected to in
vitro fermentation in which samples
weighing 1.8 g were measured into
three in vitro tubes in 0.6 g increments,
McDougall’s buffer, and were incubated
in a 39oC water bath for either 48 or
96 hours. The contents from the three
and the residues were combined to form
a single sample and saved for later nalkane analysis.

DMD for meadow (P < .01), meadow
regrowth (P = .06), and alfalfa hay (P =
.06), and lower DMD for meadow hay
(P < .02). Forage digestibilities for native range using n-alkane ratio tended
to be higher (P = .14) than IADF ratio
values. Although C31 consistently underestimated the in vivo digestibilities for
all forages examined, it offered an improvement over digestibilities estimated
with IADF for the freshly harvested
forages. In vitro dry matter disappearance appeared to produce estimates of
digestibility comparable to the n-alkane
ratio method for immature, freshly harvested forages and higher estimates for
alfalfa and meadow hay.
Replacing freeze-drying of fecal samples with oven-drying would
decrease the amount of drying time and
increase the number of samples handled.
While C31 amounts in feces from steers
fed meadow hay were not affected (P >
0.10) by drying method, oven-drying
reduced (P < 0.01) the amount of C31
recovered from the feces of steers on
an alfalfa hay diet by 20 percent. During oven-drying, the high temperatures
may subject C31 to either degradation or
chemical reactions that make complete
31 concentrations vary with drying methods in both
forage and feces, it is recommended
that samples should be freeze-dried for
n-alkane analysis.
In vitro fermentation was used to
determine if C31 was degraded in the rumen. Filter paper rated to retain particles
greater than 25 m was used to isolate the
residue because earlier work indicated
n-alkanes are associated with the particulate phase of digesta. The amount of C31

and 2 ml of water were added to each
tube. After shaking vigorously, samples
were centrifuged and the n-hexane layer
was transferred to a prepared column for
solid phase separation. The column was
per column in a 110oC oven to activate
the silicic acid. Then the silicic acid
was suspended in solution using 10 ml
of n-hexane and placed in an extraction
column. The extract eluted from the column was evaporated, and reconstituted
with 2 ml of n-hexane and placed into
a glass vial for later analysis using gas
chromatography. Ten samples from the
meadow, meadow regrowth and range
trials selected randomly were reconstituted with 2 ml of a triacontane standard
(0.3 mg per ml of n-hexane ) to determine
the recovery rate of dotriacontane during
the extraction procedure.
Results
N-alkane C31 was selected as the
internal marker to estimate DMD.
Although n-alkane recovery increases
with increasing chain length, C33 was
not detected in the freshly harvested forages, most likely due to a lack of column
sensitivity where amounts less than 20
mg/kg are not detectable. Even though
82 percent, this procedure uses both the
natural and synthetic n-alkane ratios as

Diets, refusals and feces for each trial
were freeze dried and ground to pass
through a 1-mm screen using a Wiley
mill. Samples were composited across
days on a per animal basis. Feces from
the meadow hay and alfalfa hay trials
were subsampled and either freeze dried
or dried in a forced air oven (60oC) to
compare the effect of drying method on
n-alkane extraction. Laboratory analysis
included DM, organic matter and IADF.
N-alkane analysis was conducted by
placing either 1 g of feces or 2 g of forage
in a 75-ml tube with 0.6 ml of a 1,000 ppm
solution of C32 in n-hexane as an internal
standard. Ten ml of alcoholic potassium
hydroxide were added to each sample
and the samples were placed in a water
bath at 90oC for 4.5 hours. Upon removal
from the water bath, 7 ml of n-hexane

less than 100 percent.
For all forages, the digestibility
estimates (Table 1) calculated using
n-alkane ratio were lower (P < .01)
than in vivo DMD. Comparison of
digestibilities estimated using the
n-alkane ratios and IADF ratios showed
that n-alkane ratios predicted higher
Table 1. Apparent dry matter digestibility.
In vivo DMD

C 31

P<a

IADF

P<b

In vitro DMD

------------------------------------------------ % DM ---------------------------------------------Meadow
Range
Regrowth
Alfalfa
Meadow Hay
a
b
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after a 48-hour in vitro fermentation

67.5
70.5
70.7
60.2
55.1

62.9
61.8
57.5
50.0
36.2

.004
.004
.002
.01
.0001

57.2
58.3
51.0
43.8
42.6

.0013
.14
.06
.06
.01

Comparison between in vitro digestibility and digestibility predicted using C31.
Comparison between digestibilities predicted using C 31 and IADF.

61.5
58.3
57.8
58.2
47.1

period decreased (P < .001) over 100
mg/kg. However, samples incubated for
96 hours produced residues similar (P =
.78) to those produced after 48 hours of
incubation. Initial examination of the results indicated that C31 is highly degraded
in the rumen. However, the digestibility
trials with the same forages showed an
average total tract recovery of 76.3 percent. Recovery of C31 in the residue left
after in vitro fermentation was approximately 60 percentage units lower. While
in vitro fermentation could degrade C31
to a greater extent than gastrointestinal
passage, large differences are unlikely.
Because the C31 amounts found in the
residues remained unchanged between
48-hour and 96- hour incubation times,
we propose low recovery was due to
association of the marker with the liquid
rather than degradation. Further examination is recommended to determine the
digesta phase with which C31 associates
during gastrointestinal passage.
Locating the site of n-alkane disappearance is important when evaluating
its use as a potential internal marker. If
disappearance is isolated to the lower
tract, the marker may be used to estimate forage dry matter digestibility
in the rumen. Because n-alkanes need
to be intimately associated with the
material they are marking to be reliable
as internal markers, it is important the
digesta phase association of n-alkanes
be determined.
We concluded that: 1) in grazing situations where internal markers need to be
used and dosing of synthetic n-alkanes
is not practical, naturally occurring nalkanes may be a better alternative to
IADF for immature forages even though
digestibility will still be underestimated;
2) C31 recovery was not consistent across
forages; and 3) freeze-drying should be
used to dry fecal samples for n-alkane
analysis.
1Russell Sandberg, research technologist;
Don Adams, professor, West Central Research and
Extension Center, North Platte; Terry Klopfenstein,
associate professor, Rick Grant, associate professor, Animal Science, Lincoln.

Protein Evaluation of Treated
Soybean Meal Products
Ryan Mass
D. J. Jordon
Terry Klopfenstein1
Treated soybean meal products
vary in undegraded intake protein
concentration and true nitrogen
digestibility. Therefore, the value
of these products in ruminant diets
also varies.
Summary

browned SBM (Soy Pass®); 2) expeller
SBM (SoyPlus®); and 3) a product of
an unpublished manufacturing process
(AminoPlus®), were compared using the
intake protein concentration (UIP),
metabolizable protein (MP) concentraand MP values of the three treated SBM,
followed by AminoPlus and then SoyPlus.
differences in the three treated SBM
products.
Introduction
Although soybean meal is the most
commonly used protein supplement in
the United States, the amount of metabolizable protein (MP) it supplies is not
optimal because it is highly degradable
in the rumen. The value of soybean meal
for ruminants can be greatly enhanced
by nonenzymatic browning (also known
as the Maillard reaction). This chemical
reaction complexes the protein with
carbohydrate, increases its undegraded
intake protein (UIP) concentration and
increases MP supplied to the animal if
intestinal digestibility is not reduced.
However, excessive browning polymerizes the protein and decreases true
nitrogen digestibility (TND).

Several commercial sources of soybean meal treated (TSBM) to increase
UIP are available and each source is
processed under different conditions.
The objective of this research was to
compare the UIP concentration, TND
and MP supplied by each of three TSBM
products.
Procedure
In this digestion study, 15 crossbred
wether lambs (70 lb) were utilized. All
lambs were fed a common basal diet at
2.5 percent of body weight (DM basis;
Table 1). The basal diet was formulated
to contain a minimum of 10 percent
CP, .42 percent Ca and .18 percent P.
Urea was included to ensure rumen
ammonia did not limit digestion and to
provide 40 percent of the basal dietary
nitrogen (N).
Three TSBM products were obtained
for protein evaluation: 1) nonenzymatically browned TSBM (Soy Pass®); 2)
TSBM (SoyPlus®); and 3) a TSBM
product of an unpublished manufacturing process (AminoPlus®). Commodity
soybean meal was also evaluated. Three
lambs in each period were fed only the
basal diet and served as a urea control.
The remaining 12 lambs consumed the
basal diet at the same percentage of body
weight (DM basis) as control lambs,
with an additional 3.75 percent of the
basal diet DM added as units of N from
one of the TSBM. Treatment diets were
(Continued on next page)
Table 1. Composition of basal diet
Item
Cottonseed hulls
Dehydrated alfalfa pellets
Molasses
Dry-rolled corn
Urea
Dicalcium phosphate
Sodium chloride
Ammonium sulfate
Sheep trace mineral premix
Vitamin premix
Selenium premix

Percent of
diet DM
72.63
15.00
5.00
5.00
1.48
.34
.30
.17
.04
.03
.02
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Table 2. Crude protein concentration (CP), undegraded intake protein concentration (UIP), true
nitrogen digestibility (TND) and calculated metabolizable protein concentration (MP) of
commodity soybean meal and three treated soybean meal products.
Treatments
Commodity soybean meal
Soy Passc
SoyPlusd
AminoPluse

CP (% of DM)

UIP (% of CP)a

TND (%)

MP (% of CP)b

48.2
52.9
51.1
54.9

31.2
80.2
50.9
71.4

91.4f
89.0f
81.4g
81.0g

22.6
69.2
32.3
52.4

aMeasured

by the ammonia release procedure.
UIP - (100 - TND).
cNonenzymatically browned soybean meal.
dExpeller soybean meal.
eTreated soybean meal whose treatment conditions are unpublished.
f,gValues within column with different superscripts differ (P < .05).
bMP =

isonitrogenous and each experimental
treatment contributed 27 percent of the
total N intake for treatment lambs.
The trial consisted of three 21-day
periods. Each period included 10 days
of diet adaptation, four days of crate
adaptation and seven days of total fecal collection. Lambs were housed in
individual pens during the 10-day diet
adaptation phase. Lambs were reassigned
randomly to another treatment at the end
of each period. The amount of basal diet
offered to each lamb was adjusted based
on a weight taken at the beginning of
each period.
Feed, feces and orts were dried for
48 hours in a forced air oven at 140° F,
and analyzed for DM and nitrogen (N).
Apparent N digestibility was calculated
for the urea control diet: (N consumed - N
excreted) / N consumed. The following
formula was used to calculated TND of
each TSBM source: (A - (B * C)) / D *
100, where: A = apparent digestibility of
N in total diet, B = apparent N digestibility of urea control, C = proportion
of total N in diet supplied by basal diet,
and D = proportion of total N in diet
supplied by treatment.
The UIP concentration of the treatment sources was estimated by the invitro ammonia release procedure. Rumen
layers of cheese cloth. A bicarbonate bufto test tubes containing enough sample
to provide 20 mg of N. Six tubes were
incubated for each sample. Tubes were
stoppered and incubated for two amounts
of time (three for 18 hours and three for
24 hours) at 39° C. The ammonia con1999 Nebraska Beef Report — Page 66

to calculate UIP relative to standards
whose in vivo UIP concentrations have
been measured.
The MP supplied by the each treatment source was calculated from the
UIP concentration and TND estimates,
where: MP = UIP - (100 - TND). This
value equals the percentage of N that
escapes ruminal degradation and is
digested in the small intestine.
Results
Estimates of CP, UIP, TND and MP
are shown in Table 1. All TSBM sources
were higher in UIP and MP than commodity soybean meal. Soy Pass was not
different from commodity soybean meal
in terms of TND and had a higher (P <
.05) TND estimate than both AminoPlus
and SoyPlus. Soy Pass had the highest
UIP, TND and MP values of the three
treated SBM, followed by AminoPlus
and then SoyPlus.
Each TSBM source is processed with
some degree of heating, which induces
the nonenzymatic browning reaction.
This reaction can occur to two distinct
degrees: 1) complexing of proteins and
reducing sugars by chemical condensation and 2) the polymerization of these
condensation products. A protein-sugar
complex from condensation resists degradation by rumen microbes because the
protein is less soluble and is inaccessible
to protein degrading enzymes. However,
this complex is highly digestible in the
small intestine because acid in the abomasum breaks it up. On the other hand,
products of polymerization are largely
indigestible in the entire gastrointestinal
tract because acid does not affect them.

Care should be taken to avoid polymerization when nonenzymatic browning
is induced.
liquor is added to soybean meal and
the wood pulping industry and contains
the reducing sugar xylose. Addition of
reducing sugar results in more condensation products and increases the UIP
concentration of soybean meal. The level
of heat is controlled precisely to optimize
browning while minimizing polymerization. The TND estimates of this trial
indicate the condensation products in
Soy Pass are as digestible as commodity
soybean meal. The result: more of the
protein in Soy Pass is available to the
animal in the form of MP.
SoyPlus is produced by the expeller
process of manufacturing soybean meal.
This is an older method in which high
levels of pressure (which produces heat)
are used to extract oil from soybeans.
Although SoyPlus is higher in UIP and
MP than commodity soybean meal, it
does not approach the levels of either Soy
Pass or AminoPlus. The UIP concentration of SoyPlus is lower than Soy Pass
because no reducing sugars are added to
increase condensation products. The fact
that SoyPlus had a lower (P < .05) TND
estimate than commodity soybean meal
suggests some degree of polymerization
has occurred and reduced the animal
availability of protein that escapes ruminal degradation.
Although the exact processing conditions of AminoPlus are unpublished, it
has similar physical characteristics (color
and smell) to the other TSBM products.
It has a higher UIP concentration than
either commodity SBM or SoyPlus.
However, its TND estimate was lower
(P < .05) than commodity soybean meal.
This indicates it may be overheated and
lower in MP.
This trial demonstrates the animal
availability of three different TSBM
products. Because of the identified
processing differences, not all TSBM
products are equal in terms of the MP
they supply.
1Ryan Mass and D.J. Jordon, research technicians, Terry Klopfenstein, professor, Animal
Science, Lincoln.

Use of Neutral Detergent Insoluble Protein in
Omasal Samples to Estimate Escape Protein
Abdullah Can
Terry Klopfenstein
Ryan Mass1
Neutral detergent insoluble
protein in omasal samples can be
used to estimate the escape protein
in forages. These escape protein
values will help develop protein
supplementation strategies for grazing cattle.
Summary
with ruminally cannulated steers to evaluate neutral detergent insoluble protein
(NDIP) content of omasal samples as an
escape protein estimation technique. In
experiment 1, brome hay escape protein
(EP) values were determined with the
NDIP technique and the omasal samdifference in EP values. In experiment
2, smooth bromegrass EP values were
estimated in June and August, 1996. In
values, but EP estimates from NDIP were
lower. Experiment 3 was conducted from
the highest EP values. In experiments 2
and 3, NDIP had better correlation with
Introduction
Estimation of forage protein degradation in the rumen is required to determine
amount and type of protein needed to
meet metabolizable protein requirements of grazing animals. Escape protein
content of forages can be estimated with
in vivo, in situ and in vitro techniques.
Each technique has advantages and
disadvantages.
vivo measurements of protein degrada-

tion, such measurements are essential.
They serve as a standard against which all
chemical or in vitro methods of estimating protein degradation are compared.
Usually, in vivo measurements are performed with surgically prepared animals
equipped with ruminal and abomasal
or small intestinal cannulae. Omasal
sampling, however, can determine escape protein value of forages without
abomasal or intestinal cannulae. Correct
estimation of microbial and endogenous
protein are the major problems of the in
vivo technique. Neutral detergent (ND)
solution has ability to remove microorganisms and endogenous N from omasal
samples and can estimate undegradable
protein content of forages. Additionally,
the ND insoluble protein content of fecal samples can be used to determine
digestibility of forage escape protein.
The objective of these experiments was to
determine whether ND insoluble protein
content of omasal samples can be used to
determine the escape protein content of
brome hay and smooth bromegrass.
Procedure
In experiment 1, three ruminally
cannulated steers (836 lb) were fed 1.5
of percent BW with coarsely chopped
brome hay during two periods. In each
period, dietary adaptation and marker
steady-state conditions were established
for seven days and omasal and fecal
sample collection occurred on days
animal received two different external
markers (ytterbium and erbium) twice
daily in two different forms (as a solution
or as labeled hay). In the second period,
the form of the two was reversed. Acid
insoluble ash (AIA) was used an internal
digesta particulate marker.
In experiment 2, four ruminally cannulated steers (774 lb) were used to collect diet, omasal and fecal samples when
they were grazing smooth bromegrass in

June and August 1996. In each month
adaptation to grass while days 13, 16 and
19 were omasal and diet sampling days.
Fecal grab samples were collected daily
after day 10 and composited according
to omasal sampling days.
Experiment 3 was conducted with
three ruminally cannulated steers (722
lb) during May 9 through July 24, 1997.
In addition to AIA, chromium releasing
devices were used as external digesta
times. In each period, days one through
eight, 11 and 14 were used for omasal
and diet collection. After collection,
samples were frozen and freeze dried.
OSPT assumes there are three major
fractions of N in the omasal sample: 1)
plant N, 2) microbial N and 3) endogenous N. Microbial N was determined
using purine analysis and purine:N ratio
(.2), which assumes all plant purines are
digested in the rumen and omasal purine
contents originate from microorganisms.
Amount of endogenous N used was 2.2
g for each kg DM intake. Plant N in the
omasum was calculated by subtraction
of microbial N and endogenous N from
the total omasal N. NDIP technique
used neutral detergent insoluble protein
content of omasal samples as a measure
of plant protein. Rumen undegraded portion of slowly degradable true protein
(B3) and unavailable protein content (C
fraction) of forage proteins were equal
to EP in the NDIP. Rapid (B1) and intermediate (B2) degradable portions of the
true protein are assumed to be degraded
in the rumen. In both techniques, EP is
expressed as a percentage of forage DM
using internal and external particulate
digesta marker ratios. In situ neutral
Nebraska Beef Cattle Report, pp. 13)
was used to estimate EP values. Escape
(Continued on next page)
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protein digestibility was determined using differences between neutral detergent
insoluble protein content of omasal and
fecal samples.
Results
In experiment 1, NDIP and OSPT
estimates of brome hay EP were not
was used as an internal marker (Table 2).
Also, techniques estimated EP values
similarly with external markers (P>.05),
but external markers overestimated EP
values. External markers did not accuto the omasum or DM digestibility in
the rumen. External and internal markers estimated rumen DM digestibilities
of 18 and 49 percent , respectively. In
experiment 2, EP values measured using the NDIP technique were different
than OSPT and in situ EP values (P<.05;
Table 2), but OSPT and in situ technique
were not different (P>.05). In the last
experiment, EP values measured by all
three techniques were different when a
chromium-releasing device was used as
a particulate marker (P<.05). With AIA
as the marker, NDIP and in situ techniques were not different (P>.05), but
OSPT resulted in the highest EP values
(Table 2 ). NDIP was better correlated
with OSPT than the in situ technique in
experiments 2 and 3 (Table 3). Coef-

Table 1. Nutrient composition of brome hay and bromegrass on a dry matter basis.
Itema

Brome hay

SBGb

SBGc

8.16
43
72
55
2.93

15.03
—
64
62
3.27

17.51
37
64
62
3.83

Crude protein,%
ADF, %
NDF, %
IVDMD, %
AIA, %
a

AIA-acid insoluble ash.
b Smooth bromegrass (SBG) diet samples collected from four ruminally cannulated steers in June and
August, 1996.
c Smooth bromegrass (SBG) diet samples collected from three ruminally cannulated steers May 9 through
July, 1997.

Table 2. Escape protein estimation with three different techniques on a dry matter basis.
Technique

Experiment 1
With AIAd ,%
External markers, %
Experiment 2
With AIA,%
Experiment 3
With AIA, %
With Cre, %

OSPTa

NDIPb

1.04
2.13

1.29
2.37

—
—

.10
.18

2.14

1.52

2.68

.19

3.29
4.71

2.35
3.08

2.18
2.18

.16
.19

aOmasal

sampling purine technique.
sampling neutral detergent insoluble protein technique.
cStandard error of techniques.
dAcid insoluble ash.
eChromium.
bOmasal

NDIP- OSPT

technique were always less than OSPT
(Table 4). Escape protein digestibilities
determined using NDIP content of fecal
and omasal samples were 45, 32 and 57
percent of EP in experiments 1, 2 and 3,
respectively.
Comparison of two omasal sampling
techniques and an in situ technique is
own assumptions, making escape protein
values relative, not absolute. Separation of microbial N and endogenous N
from feed N has associated errors. No
microbial marker can absolutely quantify
microbial protein and microbial marker
analysis requires multiple steps and
complicated equipment. Purine was the
marker chosen for this research. Purine:
N ratio used was .2, but in the second
period of experiment 2, a ratio of .14
(1997 Nebraska Beef Cattle Report, pp.
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SEc

IN SITU

2a

Experiment
Experiment 3a
Experiment 3b
aAcid

.66
.71
.62

NDIP- In situ

OSPT-In situ

.08
.13
-.12

.15
.16
-.05

NDIPa

OSPTb

In situ

6.38
22.66

21.67
50.14

—
—

25.31

32.83

21.71

19.06
28.04

41.75
46.32

21.44
21.44

insoluble ash used as a marker.
releasing device used as a marker.

bChromium

Experiment 1
AIAc
External markersd
Experiment 2
AIA
Experiment 3
AIA
Cr2O3
aOmasal

sampling neutral detergent insolubleprotein technique.
sampling purine technique.
cAcid insoluble ash as a digesta particle marker.
dYtterbium, Erbium labeled hays and solutions used as external markers.
bOmasal

13) gave closer estimates to the other two
techniques. Endogenous N values were
estimated using reference values which
vary. Endogenous N was assumed to be
2.2 g for each kg DM intake. The in situ
technique is not an in vivo technique.
Restriction of microbial access to the
protein, bag size, bag porosity, sample
quantity, sample particle size, incubation
time, diet and animals are all concerns.
Passage rate is required to calculate
escape protein in the in situ technique.

External markers are used to calculate
passage rate, but they do not estimate
lag prior to passage.
NDIP can estimate EP values simply
using the ratio of internal particulate
marker in the diet and the omasal
contents with ND insoluble protein
content of omasal contents. Therefore,
NDIP can estimate EP contents of
brome hay and smooth bromegrass more
precisely, simply and faster than OSPT,
and provide reasonable EP digestibility

Sheila Jacobi
Jess Miner1

Introduction

Fat synthesis was enhanced by
acylation-stimulating protein in
cultured bovine tissue. This supports
the idea that external fat or marbling
this hormone in cattle.
Summary
human acylation-stimulating protein to
modify fat synthesis was determined
using cultures of fat tissue from steers.
However, acylation stimulating protein
observations, coupled with knowledge of
how fat synthesis is regulated in other
species, justify investigation of whether
cattle synthesize acylation-stimulating protein, and how this synthesis is
regulated. An understanding of how
acylation-stimulating protein production
and action is regulated should expose
potential places for intervention to manipulate fat synthesis in cattle.

Marbling is a major reason behind
feeding grain to cattle. This intramuscular fat improves the eating qualities of
beef. A problem associated with feeding
cattle to increase marbling, however, is
the parallel fat deposition in other parts
of the carcass. The synthesis of fat in
feed energy, although this fat is of little
value to beef customers. Beef producers
uct quality by using a management tool
which shifts fat synthesis to intramuscular depots. Development of this tool will
require a better understanding of how fat
synthesis is regulated in cattle.
Although the hormones controlling
fat synthesis in cattle have not been
and mouse cells. Adenosine, a molecule
secreted by adipocytes, can stimulate
fat synthesis in mice. Another hormone
stimulating fat synthesis in both humans
and mice is acylation-stimulating protein
(ASP). ASP is also secreted by adipocytes. The objective of these experiments
was to determine if adenosine and ASP
can stimulate fat synthesis in cattle.

values. NDIP is superior to the in situ
technique because it is an in vivo technique and better correlated with OSPT.
Use of NDIP to measure the EP content of
forages will enhance our understanding
of the protein components of forages.
1Abdullah Can, graduate student; Terry Klopfenstein, professor Animal Science, Lincoln; Ryan
Mass, research technician, Lincoln.

Procedure
plants
Cultures of fat tissue obtained
from steers were used to test effects
of adenosine and ASP. This technique
provides a rapid (less than six hours)
analysis of fat synthesis and does not
require injecting animals with radioactive materials. For each experiment,
fresh tissue obtained by biopsy was
incubated at body temperature in a
solution which provided all essential
nutrients, was pH buffered and oxygenated. Synthesis of fat was measured by
monitoring the incorporation of 14Clabeled substrates into triacylglycerol.
In cattle, fat is synthesized mainly from
acetate, but also from fatty acids like
palmitate or oleate. Both acetate and
palmitate were used in these experiments.

The hypothesis was that adenosine would increase synthesis of fat in
cultured tissue. Since adipose tissue
contains some adenosine, an enzyme
(adenosine deaminase) was used to
(Continued on next page)
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destroy the pre-existing adenosine. This
allowed comparison between untreated
and treated cultures. Two additional treatments provided a test of added adenosine.
Additional cultures were treated with low
and high doses of the adenosine analog,
PIA (N6-phenylisopropyl adenosine),
which resists degradation by adenosine
deaminase.

9
8
7
6
5
4
3
2
1
0

9
8
7
6
5
4
3
2
1
0
Acetate

Experiment 2 was similar to experiment 1 except the dose range for PIA
was greater. The treatments were: 1)
no hormone; 2) 0.75 U/ml adenosine
deaminase; 3) 0.75 U/ml adenosine deaminase plus 10 nM PIA; 4) 0.75 U/ml
adenosine deaminase plus 100 nM PIA;
and 5) 0.75 U/ml adenosine deaminase
plus 1,000 nM PIA.
lating protein (ASP)
The second hormone suspected to
increase synthesis of fat in cattle is ASP.
To test the effect of ASP on fat synthesis
in cattle, cultures were designed with increasing concentrations of ASP and some
cultures with added insulin, a glucose
uptake-promoting hormone. It is possible
that ASP only increases fat synthesis if
insulin is present. On the other hand, an
effect of ASP may be more pronounced
if insulin is absent. The treatments were:
1) no hormone; 2) 0.5 M ASP; 3) 5 M
ASP; 4) 10 nM insulin; 5) 0.5 M ASP
plus 10 nM insulin; and 6) 5 M ASP
plus 10 nM insulin.
protein dose curve
In experiment 4, a wider range of ASP
doses was evaluated: 1) no hormone;
2) 0.01 M ASP; 3) 0.1 M ASP; 4)
1 M ASP; 5) 5 M ASP; and 6) 10
M ASP.
protein dose curve with and without
insulin
Treatments were: 1) no hormone; 2)
0.01 M ASP; 3) 0.1 M ASP; 4) 1 M
ASP; 5) 5 M ASP; 6) 10 M ASP; 7) 1
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Palmitate

removal of adenosine (deaminase) and addition of an adenosine analog (PIA). No effect
of treatment was detected.
6
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1

1

0

0
Acetate

Palmitate

Figure 2. (Experiment 2). Effect of adenosine on synthesis of fat from acetate (left) and palmitate
(right). No effect of treatment was detected.

nM Insulin; 8) 0.01 M ASP plus 1 nM
insulin; 9) 1 M ASP plus 1 nM Insulin;
and 10) 10 M ASP plus 1 nM insulin.
triacylglycerol synthesis.
Following incubation, tissues were
extracted in 2 ml of chloroform:methanol (2:1, v/v), and washed with both 1
M KCl-0.15N HCl, and 0.38 M sodium
carbonate. Incorporation of radioactivity
was determined in a beta counter.
Triacylglycerol was distinguished
from total fat by use of thin layer
chromatography. Fat synthesis was
calculated from radioactivity incorporated and expressed as nmol acetate
(or palmitate)/ mg tissue / six hours.
Data were analyzed by ANOVA with
main effects of animal and treatment.
The animal x treatment interaction
cance.

Results
Fat synthesis in cattle occurs in two
general steps. First, fatty acids are synthesized. Second, fatty acids are linked
to glycerol phosphate in a process called
high-fat diets, such as humans or mice,
fatty acid synthesis is less than in cattle.
Incorporation of 14C-acetate estimates
while incorporation of

14C-palmitate

fatty acid synthesis.
synthesis in bovine adipose tissue.
Neither fatty acid synthesis nor fatty
dition of PIA (an adenosine analog) or
adenosine deaminase (an enzyme which
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destroys adenosine) to cultures of adipose tissue (Figures 1 and 2). Adenosine
apparently does not have an effect on
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fatty acids in cattle.
tein on triacylglycerol synthesis in bovine
adipose tissue.

Acetate

Palmitate

Figure 3. (Experiment 3). Effects of ASP and insulin on fat synthesis from acetate (left) or palmi-
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shown in Figure 4, ASP did increase the
use of acetate for fatty acid and triacylglycerol synthesis. However the synthesis
of fat from palmitate (a fatty acid) was
not affected by ASP. This indicates ASP
may have a greater effect on enzymes of

0
Acetate

Palmitate

Figure 4. (Experiment 4). Effect of varying concentration of ASP on fat synthesis in absence of
insulin. Acetate incorporation (left graph) was increased (P<.05) by ASP but all doses
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The second hormone evaluated was
ASP. Initially, it appeared ASP stimulates
fat synthesis (Figure 3). In this experiment, however, the degree of variation
in fat synthesis was large and treatment

enzymes. This would be logical, as most
fat synthesis in cattle is from acetate
and dietary fat intake is low. Finally, the
interaction of insulin and ASP in regard
to fat synthesis was evaluated (Figure 5).
Fat synthesis was enhanced by increasing
doses of ASP only when cultures also
contained insulin. Our interpretation is
that while both insulin and ASP promote
different parts of the pathway.
In conclusion, human ASP appears
capable of promoting fat synthesis in
bovine tissue. Our prediction is that
bovine ASP is at least as potent. Based
on information from a cDNA clone of
bovine ASP, we know this molecule differs from human at several amino acid
positions. We are developing a method

0 .01 .1

1

5 10 0 .1

1 10

Figure 5. (Experiment 5). Interaction of ASP with insulin in stimulation of fat synthesis from
acetate (left) and palmitate (right). Hatched bars represent cultures treated with 10
nM insulin. ASP treatment ( M ) is indicated below bars. Incorporation of both acetate
interaction indicates that insulin is required for ASP to stimulate fat synthesis. *P<.10.

future we hope to determine whether
intramuscular fat cells utilize ASP differently than fat cells in other fat depots.
Perhaps this can lead to a method for
promoting marbling while reducing total
carcass fat.
1Sheila Jacobi, graduate student. Jess Miner,
assistant professor, Animal Science, Lincoln.
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Glycolytic Inhibition in Pre-rigor Muscle: An
Alternative Method to Improve Beef Tenderness
Chris Calkins
Nancy Jerez
Jesús Velazco
Some glycolytic inhibitors were
successful in improving beef tenderness, without detriment to lean
color, by maintaining a high pH in
pre-rigor muscle.

increase in tenderness and water-holding
capacity. Many compounds inhibit glycolysis at different steps of the pathway.
However, effects of these inhibitors on
other quality traits, such as color, are
unknown. A preliminary experiment
was conducted to determine the effect
on pH, tenderness and color of several
glycolysis-inhibiting compounds.
Procedure

Summary

Two beef animals were slaughtered at
the University of Nebraska Meat Labo-

Flank muscle (FM) and loin eye musof different glycolytic inhibitors to test
their effect on tenderness, pH and color.

most desirable result (cherry-red color
and more tender) was observed with
sodium citrate. Flank muscle became
more tender and had better color (cherry
red) than the control with oxamic acid,
iodoacetate, glucose and sodium acetate.
Most of the compounds caused different
responses between muscles. Potential
inhibitors must be tested further to prove
glycolytic inhibition is a feasible method
to improve tenderness in low value cuts
with no detriment to lean color.
Introduction
Tenderness is the most important
factor in acceptance of meat. However,
the most tender cuts comprise less than
25 percent of carcass weight. Improving
tenderness of less-tender cuts would
add value to the whole carcass. Beef
tenderness depends on pH: high pH
increases tenderness. After an animal is
slaughtered, glycolysis (conversion of
glucose to lactate) causes a decrease in
pH from 6.9 to approximately 5.6.
Inhibition of glycolysis may improve
tenderness. The inhibition of glycolysis
prevents lactic acid formation, maintaining a high pH, which should provoke an
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abdominis) and loin eye muscles (Longissimus lumborum) were excised and
divided into pieces of approximately 100
grams that were randomly assigned to
one of the treatments. Eleven compounds
were tested, but eight compounds per
muscle were considered for this report:
calcium chloride (300 mM), sodium
chloride (330 mM), sodium citrate (100
mM), sodium acetate (100 mM), iodoacetate (50 mM), oxamic acid (50mM),
glucose (330 mM), sodium phosphate
(110 mM) (only in loin eye muscle) and
muscle). These levels were selected on
the basis of previously published research
and anticipated regulatory limits.
At three hours postmortem, each
muscle piece was injected with 10 ml
of solution, using a manual syringe and
27-gauge needle. The injection was
performed at various sites along the
muscle section. Immediately, the muscle
sections were marinated in 600 ml of
the solutions for 24 hours at 40°F. One
section per muscle was marinated with
water (the control). Visual color and pH
were registered before marinating and at
six and 24 hours after marinating. After
marination was completed, loin eye
samples were cooked in a convection
oven. The endpoint temperature for both
muscles was 158°F. Instron Warner-Bratzler shear force values were determined

about 6 mm x 6 mm in size. Visual color
was determined using a six-point scale,
with 1: very light cherry-red, 2: cherry
red, 3: slightly dark, 4:moderately dark,
5: dark red and 6: very dark red. Results
are presented as the difference between
the treated muscle and the control.
Results
All treatments except sodium acetate
chloride in both muscles, resulted in
higher pH than the control. These results
could indicate glycolytic inhibition during marination, stopping pH decline.
The higher pH and lower shear force
of the samples with sodium chloride,
sodium phosphate, sodium citrate and
iodoacetate in comparison with the control (Figure 1) showed high pH favors
increase of pH was less noticeable (pH
increased slightly with sodium chloride,
citrate and iodoacetate); all treatments
decreased shear force values (Figure
2). There appears to be a relationship
between these parameters, a high pH
being associated with low shear force
and vice versa.
To interpret color scores, “2” was
considered the best color (cherry red),
“1” was too light and color scores of “3”
or more were considered dark (unacceptable). Lean color was lightest for the
control (very light cherry-red). The most
desirable result (more tender meat and
cherry-red color) in loin eye muscle was
observed in meat marinated with sodium
citrate. This treatment was seven pounds
more tender than the control and lean
color score increased one point (Figures 1
and 3). This result is similar to marination
with calcium chloride. Calcium chloride
has been shown to effectively improve
meat tenderness in pre-rigor or post-rigor
muscle. Sodium chloride and iodoacetate
also improved tenderness; however, lean
color increased to unacceptable scores
(moderately dark). Meat marinated with

3
1
-1
-3

1

2

3

4

5

6

7

8

-5
-7
5
pH

Shear force value

Figure 1. Effects of marination with (1) calcium chloride, (2) sodium chloride, (3) sodium phosphate,
(4) sodium citrate, (5) iodoacetate, (6) oxamic acid, (7) sodium acetate and (8) glucose on
pH and shear force in pre-rigor loin eye muscle. Control (marination with water) value
for pH (5.46) and shear force (9.3 lbs) were equalled to zero.
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oxamic acid, sodium acetate and glucose
exhibited better lean color (cherry red)
than the control; however, shear force
values increased by 4.5, 1.1 and 3.6
pounds, respectively, compared with
the control.
very light cherry-red. Meat treated with
oxamic acid, iodoacetate, glucose and
sodium acetate had the desirable characteristics (more tender than the control and
with cherry-red color), as well as meat
treated with calcium chloride. Although
meat marinated with sodium chloride,
more tender than the control (8.2, 15.8
and 9.3 pounds versus 17.9 pounds,
respectively) they made beef darker.
Sodium chloride and sodium citrate
slightly dark (Figure 4).
Most of the compounds used in this
study caused different responses between
muscles. For example, the increase of
pH was higher in loin eye muscle than

-8
-10

muscle. Meat treated with iodoacetate
and sodium citrate became more tender
in both muscles. However, iodoacetatetreated loin eye muscle became darker

-12
-14
pH

Shear force value

(4) oxamic acid, (5) sodium citrate (6) iodoacetate, (7) sodium acetate and (8) glucose

and sodium citrate-treated loin eye
muscle had the best color (cherry red)
Another divergence: both glucose and
oxamic acid improved lean color in

for pH (6.04) and shear force (17.9 lbs) were equalled to zero.

muscle. Further studies are needed to
explain these differences in tenderness
and muscle color. It is known that each
muscle has its particular composition of
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Flank muscle has a higher proportion

2

of connective tissue. Loin eye muscle
has a higher proportion of intermediate
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Figure 3. Effects of marination with (1) calcium chloride, (2) sodium chloride, (3) sodium phosphate,
(4) sodium citrate, (5) iodoacetate, (6) oxamic acid, (7) sodium acetate and (8) glucose
on visual color in pre-rigor loin eye muscle. Control (marination with water) value for

glycolytic rate, pH decline and color,
so different responses among muscles
were expected.
Conclusion
In this preliminary study, we were able
to identify several potential compounds
(Continued on next page)
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which could improve tenderness in prerigor muscle. Manipulation of glycolysis
in pre-rigor muscles could be a feasible
method to improve tenderness in lowvalue cuts by increasing pH and waterholding capacity, with no detriment to
lean color.
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1 Chris Calkins, professor; Nancy Jerez,
graduate student, Animal Science, Lincoln; Jesús
Velazco, professor, Instituto Tecnológico y Estudios Superiores de Monterrey, México.

(4) oxamic acid, (5) sodium citrate, (6) iodoacetate, (7) sodium acetate and (8) glucose on
color (1:very light cherry-red) was equalled to zero.

The Relationship of Beef Primal Cut
Composition to Overall Carcass Composition
Dana Hanson,
Chris Calkins,
Bucky Gwartney,
John Forrest, and
Ron Lemenager1
Strong relationships exist between composition of individual
beef primals and total carcass
composition.
Summary
fat, seam fat and bone of each of the
four major primal cuts (round, rib, loin
and chuck) were used in combination
with yield grade to predict total side
is highly related to total carcass comto fabricate depends on the sex of the
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animal and which component (lean,
subcutaneous fat, seam fat or bone) is
of greatest interest.
Introduction
The ability to identify composition of
a beef carcass is a valuable research tool.
Many research trials require accurate
determination of beef carcass composition. Yet, total dissection of a carcass is
costly and time consuming. The costly
process of whole carcass analysis might
be alleviated through physical separation
small portion of the carcass into lean,
subcutaneous fat, seam fat and bone, it
may be possible to estimate the proportion of these components for the whole
carcass. In this study, the round, rib, loin
and chuck were physically separated to
determine which cut best represents the
composition of the entire beef carcass.

Procedure
Right sides from steer (n=53) and
heifer (n=38) carcasses varying widely
in carcass weight (504-1,007 lb) and fat
thickness (.10-1.13 inch) were evaluated.
No discernible Brahman or dairy breeding was present in these cattle. Yield
grade factors were measured and sides
were separated into the primal round,
loin, rib, chuck and remaining cuts. Each
primal along with the remaining cuts was
physically separated into lean, subcutaneous fat, seam fat and bone. Composition of each of the four major primals was
used in combination with yield grade to
predict side composition.
Statistical Analysis
Prediction equations were developed
using lean, subcutaneous fat, seam fat
and bone of each primal as a means

Table 1. Beef side lean, subcutaneous fat, seam fat and bone percentage for steers and heifers.
Sex class

Component

Mean value

SD

Minimum

Maximum

Steers
n = 53

Lean
Subcutaneous fat
Seam fat
Bone

55.5
9.0
16.2
16.5

3.6
2.2
2.4
1.6

47.6
3.5
11.2
13.0

65.3
13.1
22.6
20.3

Heifers
n = 38

Lean
Subcutaneous fat
Seam fat
Bone

53.6
10.1
17.4
15.4

5.0
3.3
3.7
2.7

46.4
2.9
8.7
11.9

65.2
14.9
23.3
23.6

Table 2. Percentage* of primal lean, subcutaneous fat, seam fat or bone for steers and heifers.
Sex class

Lean

Subcutaneous fat

Seam fat

Prediction of carcass lean
Table 3 shows the prediction of percentage lean in the beef carcass side.
Composition of the loin explains the
most variation (CD= 85.6) in carcass
lean for steers. In heifers, the rib had
the highest CD (91.6 percent) for overall carcass lean. Except for the steer
rounds, each of the primals explained
at least 82.5 percent of the variation in
carcass lean.
Prediction of carcass subcutaneous fat

Bone

Primal

Mean

S.D.

Mean

S.D.

Mean

S.D.

Mean

S.D.

Steers,
n=53

Round
Loin
Rib
Chuck

62.18
59.34
51.51
62.01

3.23
4.29
4.14
3.01

11.43
10.84
10.14
4.38

2.93
3.55
2.95
1.55

8.27
11.49
17.52
16.05

1.42
1.99
3.36
2.91

17.60
17.92
20.40
17.36

1.72
2.31
2.57
1.71

Heifers,
n=38

Round
Loin
Rib
Chuck

63.14
58.47
50.27
60.42

3.45
5.03
5.71
3.97

11.20
12.10
10.60
5.05

3.53
5.41
3.88
2.02

8.24
12.22
18.84
17.65

1.61
2.92
4.80
4.09

16.60
16.68
19.76
16.54

2.10
3.60
3.57
2.68

for each primal.

The round, rib, loin and chuck explained 80.3 percent, 70.5 percent, 89.5
percent and 71.8 percent, respectively, of
the variation for subcutaneous fat in the
determination for the heifer population
ranged from 88.1 to 90.0 percent, with the
chuck having the highest relationship to
total subcutaneous fat in a carcass.
Prediction of carcass seam fat

heifer carcasses
Sex class

Primal

Lean,%

Subcutaneous fat,%

Seam fat,%

Bone,%

Steers,
n=53

Round
Loin
Rib
Chuck

77.3
85.6
80.8
82.1

81.0
89.5
71.7
72.2

70.6
84.6
80.0
91.5

76.0
73.8
55.0
81.6

Heifer,
n=38

Round
Loin
Rib
Chuck

90.0
85.3
91.6
91.5

88.1
88.7
88.9
90.0

86.1
89.7
92.6
93.3

88.8
87.2
90.6
86.3

to determine their relationships to the
tions (CD) obtained through regression
analysis were used to identify amount
of variation in carcass composition
explained by the individual primal. The
closer the CD is to 100, the better the
relationship.
Results
Carcasses of both sex classes in this
study were widely variable in weight
and composition. Steer carcasses ranged
in weight from 554 to 936 pounds and

in lean percentage from 47.6 to 65.3.
Heifer carcasses ranged from 504 to
1,007 pounds and 46.4 to 65.2 percent
lean (Table 1).
Composition of the individual primals
revealed the lowest proportion of lean
and the highest proportion of the seam fat
and bone in the rib, the lowest subcutaneous fat percentage in the chuck and the
lowest seam fat percentage in the round
(Table 2). The non-uniform distribution
of these tissues across the primal cuts
formed the basis for this research to
determine which primal best represented
total carcass composition.

The chuck explained the most variation for both steers and heifers, 91.5
versus 93.3 percent, respectively (Table
3). The large proportion of seam fat in
the primal chuck compared to other
primals probably contributes to the high
relationship.
Prediction of carcass bone
Table 3 shows the relationship of
primal composition to total bone content in the carcass. In this study, the
steer chuck explained 81.6 percent of
the variation. For the heifer population,
the rib explained the most variation
(90.6 percent). Relationships to bone
were generally lower than other carcass
components.
Each primal cut has a high relationship to overall composition. From this
data, the best primal cut to predict
composition depends on sex class and
which component of composition is of
greatest importance. Excluding bone,
the loin provided the highest or second
highest CD for lean or fat content of steer
carcasses compared to other primals. The
steer chuck appears more useful than the
(Continued on next page)
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Table 4. Prediction of percentage lean, subcutaneous fat, seam fat and bone in the round, rib, loin and chuck of steers
Regression equation
Predicted
carcass component

Intercept

Yield
grade

Primal
lean

Primal
subcutaneous

Primal
seam fat

Primal
bone

RMSEa

Round

Lean
Subcutaneous fat
Seam fat
Bone

.8816
51.9917
3.7809
8.7883

-1.9877
.3039
1.1239
-.3657

.8336
-.5018
.0500
-.0138

.2685
.0202
.2961
-.0804

.0336
-.2585
.5943
-.0607

.2975
-.5965
-.1259
.6304

1.78
1.00
1.38
.80

Rib

Lean
Subcutaneous fat
8.1480
Bone

51.6425
50.6758
.4288
18.9098

-1.5541
.4562
-.0588
-.0179

.2913
-.5051
.2582
-.0359

-.3347
-.0431
.3939
-.1845

-.1619
-.3551
.0174
-.1318

-.0185
-.5066
1.13
.2010

1.64
1.23
1.10

Loin

Lean
Subcutaneous fat
Seam fat
Bone

52.64
32.3041
34.5775
-5.5360

-1.3339
.0465
.6547
-.2064

.2672
-.3172
-.2803
.1905

-.3072
.2788
-.0274
-.0204

-.3662
-.2911
.2248
.2069

-.0872
-.2402
-.3620
.5140

1.42
.75
1.00
.84

Chuck

Lean
Subcutaneous fat
Seam fat
Bone

40.28
19.4160
-7.3973
35.0262

-1.3691
.2617
.1579
.2015

.4757
-.1717
.1120
-.2505

-.4994
.7606
.5907
-.5249

-.2510
-.0160
.7205
-.3812

-.2336
-.2084
.1201
.2811

1.58
1.21
.74
.70

Primal
bone

RMSEa

Sex class

Primal

Steers
n=53

Seam fat

aRMSE

= Root mean square error.

Table 5. Prediction of percentage lean, subcutaneous fat, seam fat and bone in the round, rib, loin and chuck of heifers.
Regression equation
Intercept

Yield
grade

Primal
lean

Primal
subcutaneous

Lean
Subcutaneous fat
Seam fat
Bone

70.74
49.7642
51.13
-20.7482

-1.4402
.5636
.6132
-.2818

.0761
-.4229
-.4255
.2533

-.6495
.0159
-.1134
.1577

-1.0144
-.1045
.5455
.0553

-.0861
-.8506
-.7330
1.1334

1.70
1.22
1.48
.96

Rib

Lean
Subcutaneous fat
Seam fat
Bone

36.45
47.4341
53.0677
-3.3666

.5291
-.4893
-.5715
.2023

-.2061
.1358
-.1255
-.0072

-.2376
-.2939
.0697
-.0513

-.0903
-.4402
-.2854
.4432

1.56
1.18
1.08
.88

Loin

Lean
Subcutaneous fat
Seam fat
Bone

-37.50
46.5016
72.1757
-21.7126

-1.6391
.1385
.4427
.1164

1.0822
-.4263
-.6267
.3588

.7297
-.0225
-.4682
.2300

.4773
-.2178
.0149
.0853

1.1084
-.5419
-.8439
.7147

2.07
1.19
1.27
1.03

Chuck

Lean
Subcutaneous fat
Seam fat
Bone

24.36
-26.6074
63.4228
25.4192

-1.7572
.4765
.5043
.0290

.5623
.2859
-.5950
-.1207

-.4857
1.2058
-.0486
-.4339

-.0400
.5134
-.0516
-.3443

.2495
.1636
-.6369
.3283

1.57
1.12
1.03
1.06

Sex class

Primal

Heifers
n=38

Round

aRMSE

Predicted
carcass component

-.3805
.00541
-.3950
.2683

Primal
seam fat

= Root mean square error.

round or rib, except for seam fat. Less
labor would be required to physically
separate the loin than the chuck, but the
cost of the primal would be greater. For
heifers, the chuck (excluding prediction
for bone content) and the rib had the
highest CD for composition, although
all the primals gave high relationships
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and differences in predictive accuracy
Ultimately, which primal to physically
separate hinges upon resources available and information needed. Prediction equations may provide important
information to researchers with neither
the time nor the resources to con-

duct total carcass physical separation
(Tables 4, 5).
1 Dana Hanson, graduate student. Chris
Calkins, professor, Animal Science, Lincoln;
Bucky Gwartney, National Cattlemen’s Beef
Association, Englewood, Colorado; John Forrest
and Ron Lemenager, professors, Animal Science,
Purdue University, West Lafayette, Indiana.

Optimal Conditions of Cooler Aging for Beef
Chris Calkins
Rosemarie Rosario1
The potential for shorter beef aging could translate into considerable
savings in time and money.

accomplish the desired effect and is not
always feasible. It is possible a shorter
storage at a slightly higher temperature
would accomplish the same results for
less time and money. The relationship of
storage temperature and aging times to
beef tenderness and palatability is needed
to make general recommendations to
those who age beef.

Summary
Procedure
Steaks from longissimus muscle were
stored at 30oF and 38oF for one, two,
three, eight and 15 days postmortem to
identify time/temperature combinations
providing optimum tenderization. After
completion of each treatment, steaks
degradation using gel electrophoresis
and Warner-Bratzler shear force. Steaks
aged at 38oF tended to have lower shear
force values (greater tenderness) and
shorter storage times than those stored
at 30o
oF
had considerable protein degradation in
eight days, comparable to steaks aged
at 30oF for 15 days.
Introduction

Ten pairs of loins were used for all
aging time-storage temperature combinations. The loins were stored using two
cooler temperatures (30oF and 38oF) and
and 15 days postmortem). After each
treatment, steaks were cut and 10-gram
samples were collected from each steak
for gel electrophoresis. The steaks were
then vacuum-packaged and frozen at
-68oF for Warner-Bratzler shear force
determination at a later time. A zerotime sample was also collected on the
day of slaughter to provide a baseline
for electrophoretic gels.
After controlled thawing, steaks (1
inch thick) were broiled to an internal
temperature of 158oF and allowed to
cool. Cores (n = 8-10; 0.5 in diameter)

Biology of meat tenderness is quite
tenderness is extent of proteolysis, or
breakdown, of muscle proteins. As meat
ages, proteolysis is enhanced. Larger
protein components of meat break down
into smaller fragments and as this process
continues, the meat becomes more tender. Another factor is temperature, which
has a profound effect on the time course
extent of tenderization. It is well known
beef improves in tenderness when stored
in coolers, with optimal aging occurring

sheared for determination of tenderness
as measured by shear force using the
Instron Universal Testing machine.

by differential gradient centrifugation.
ments with different molecular weights.
Molecular weight standards (BioRad,
broad range) were used to identify molecular weights of the protein bands.
Results
Warner-Bratzler tests suggest steaks
stored at 38oF tend to have lower shear
forces at a shorter storage time than those
stored at 30oF (Figure 1). Although not
tent with current theories of aging. The
shear force test is subject to a great deal of
variation. We postulate greater numbers
of samples would maintain this trend,
Although the relationship between
shear force and aging time is not linear,
it does follow a curve (P < .01). It is
interesting to note values obtained for
steaks aged at 30oF for 15 days are similar
to steaks aged at 38oF for 11-12 days.
Reducing aging by three days would lead
During electrophoresis, proteins are
separated according to molecular weight.
Proteins with high molecular weights
stay at the top of the gel while those with
lower molecular weights migrate to the
lower part of the gel. The smaller, lighter
bands are the result of breakdown of
larger protein fragments (darker bands).
As meat ages, more bands are observed

were isolated from raw muscle samples

(Continued on next page)
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however, is the optimal aging time at a
given cooler temperature. Many purveyors now extend aging periods prior
to selling beef to upscale restaurants.
Extended storage of meat at or near
freezing temperatures, however, may not
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Figure 1. Temperature of aging and its relationship to tenderness.
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steaks aged at 38oF, the same number of
protein bands (both above the 203 kD and
the 29-34kD range) appear in day eight.
These results indicate protein breakdown
occurs faster in steaks stored at 38oF. The
rate of proteolysis for meat stored at 38oF
for eight days is about the same as for
those stored at 30oF for 15 days.
The results from both Warner-Bratzler
and electrophoresis suggest aging occurs
at a faster rate in steaks stored at 38oF and
suggest beef can be stored for a shorter
period of time at a higher temperature
to obtain the desired tenderness. Such
an aging period would translate into
considerable savings in time and money
for purveyors. Further study is needed to
determine palatability, microbial growth

kD
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Figure 2. Electrophoresis gel of steaks aged at different storage times and temperatures.

on the lower half of the gel, indicating
proteolysis. The pattern of proteolysis
observed in the gels emphasize results
from the Warner-Bratzler shear force test
(Figure 2). In steaks aged at 30oF, the
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greatest number of protein bands appear
on day 15. These bands are seen around
the region of the 29-34 kD range. There
are also two lighter bands just above
203 kD in the same lane. However, for

occurring during different time and
temperature combinations. Also, other
retail cuts of beef must be tested using
tionship between storage temperature
and aging.
1Chris Calkins, professor; Rosemarie Rosario,
research analyst, Animal Science, Lincoln.

Animal Science
College of Agricultural Sciences and Natural Resources

University of Nebraska-Lincoln

Courses
You select course work ranging from
studies to build your own specialized program.

Career
Your undergraduate degree with an Animal
Science major prepares you for a number of
careers in the livestock and meat industries as
well as professional study in veterinary medicine, medicine, law or teaching.

Resources

Activities

You also have opportunities for hands on experience through internships and class tours
of agribusinesses and production units across
the country. And you study in state-of-the-art
laboratories and classrooms.

As an Animal Science major you may be particularly interested in Block & Bridle to build
leadership, communication and organizational
skills while you meet new friends with similar
interests.

